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and of a short one around each of the locks, are discussed. By the first all the power would be developed at

Keokul, with an average head of 16 feet (the fall is about 18 feet); and by the second plan the head would e abont

equally divided at the two loeks. The backwater sometimes completely loods out the lift of the lower lock, and

during a large part of the year reduces it considerably. This may be cansed by high water in the river itself, or’
may happen during a low stage accompanied by a very high stage of the Des Moines viver 8 miles below, which

has been known to back the water up on the Des Moines rapids nearly 2 miles above Keokuk. On thiy aceount

the head of water at Keokuk from a hydraulic canal wonld be subject to o range ol at least one-half its amount, and

the power would be very wuch interfered with during high water, while by the sceond method the portion of the

power used at tho middle lock would be less liable to obstruction. :

To obtain 2,000 theoretical horse-power under a hiead of 16 feet Mr. Jenny caleulates would require a flow of
aboub 1,080 cubie feet per second, which, if along canal were used, would require the latter to be 85 feet wide on the
bottom, 5§ feet deep, with side slopes of one-half to one, and @ slope of 0.7 foot per mile. It was proposed to tap the
government canal about 600 feet above the middls lock, pass under the railroad, and continue down the west side
of the railroad for the entive distunce, using the canal embankment for the railroad, The hydranlie canal would
occupy the part of the government eanal where it exceeded 800 feet in width from the cast side. The CXPEnSe
would be very heavy, involving (he moving of the railroad tracks, large rock excavation, a proteeting wall to the
cmbankment along the government canal, and possibly a vertieal retaining-wall along the blndf, It ecould not Le
less than 8150,000,

If the second plan were used thoe cost wonld not be more than one-third ag great. To obtain the flow of 1,080
cubie feet per seeond in the wpper level of the government anal, Mr, Jenny proposed to exeavate a sluice. way
around the guard-lock, with a bulkhead at the upper end to control tho passage of water; also to run a wing-dam
up-stream GO0 or 1,000 feet from the head of the retaining-wall of the canal, to detlect a greater body of water into
it and to prevent the drawing down of the level in low waler by the mills. To obtain this volume of water throu eh
the government canal, 250 feet wide by 5 feet deep, would require a current of 0.6 mile per hour, and a declivity in
the surface of 6 inches in the distance to the middle loek, In other words, the level wonld be drawn down 6 fnches
at that peint, Tt the wing-dam were extended it would give a veloeity of L mile per hour ; then, with § feet depth
in the canal, there would be 3,400; with 6 feet, 4,000; and with 7 feet, 4,600 theoretical horse-power. Tt was Mr,
Jeuny’s opinion that a current of 0.6 or even 1 mile per hour would not bo ohjectionablo for navigation,

Development on the cast side of the river.~Thero is o chance for a development of water-power on the east, or
TMinois, side of the river, opposite Keokuk, There the Dluft recedes, leaving a broad bottom-land, across which
a slongh or old deserted channel of the river passes, By building dikes on each side of the slough, nging it Tor a
hydraulie canal, and building a wing-dam 2 ox 3 miles up-stream, it would be possible to get o head of 10 feet. There
is plenty of room for the utilization of power, and probably it could be done without detriment to navigation in any
way ; but there is little prospeet of carvying out o scheme attended with such expense as this would involve.

There are places on the Illinois bauk farther up the rapids where it would be possible to obtain o small head
of water by means of wing-dams, and the bluffs recede sufficiently to permit its utilization, but the concentration
of fall at tho foot of the rapids makes that the place to improve the power, if it is done at all. It seems probable
that unless use of the government canal is permitted the expense of development will prevent the utilization of the
water-power of Des Moines rapids, at least until the value of water-power is greater in the west.

DISCUSSION OF TI*IIB.TI{IBUTARIES O THE MISSISSIPPL

In deseribing the water-powar of these streams it is thought best to begin at the upper waters and deseribe
each one, with its tributaries, in the order in which it is met in passing down the main river, To Mr. Dwight
Porter, special agent, were assigned all the western tributaries from the mouth up to the Turkey river, in Towa, and
these will be omitted in this report.  Exclusive of {he large tributaries—the Ohio, Missouri, Arkansas, and Red
rivers—the prineipal water-power rivers arve the Des Moines and Towa rivers in Mr, Porter’s section, and the Ilinois,
Rock, Wisconsin, Chippewa, Saint Croix, and Minnesota, which are about to be described,  With the limited time at
disposal it was impossible to investigate exhaustively each small stream, and therefore some diserimination has been
necessary in deciding where to devots the timeat command. The table of tribntaries containg a complete Hst of all
tributaries of the Mississippi of over 500 square miles drainage area, and from it may be gained some idea as to their
DPhysical characteristics. ‘

RIVERS ABOVI THE CROW WING.
These are in the undeveloped region of northern Minnesota, and consequently any water-powers they can
furnish ave now of little value; however, as was stated in deseribing the main river, these will increase in importance
as the state becomes older, the country more thickly settled, and manufactures avein greater dmnam}és That water-
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power cxists upou these streams we know from the published accounts of explorations and surveys, and that in
part at least it can De made availablo when the demand for it exists, can hardly be doubted. Although the general
surface is only rolling or slightly undulating, yet many of these streams have rapids in their courses, just as the
Pokegama falls and Grand rapids oecur in the main river. The tributaries above the mouth of the Crow Wing
river are comparatively swall. The Leech Lake river, with its basin of 1,105 square miles, is the largest, and does
not full far short of thoe entire drainage area of the river above the junction, Succeeding the Leech Lake river in size,
the most important tributaries are the Pine, 961 gquare miles; the Willow, 509 square miles; the Praivie, 491 square
miles; the Sandy Lake, 421 square miles; the Swan, 349 square miles; and the Turtle, 300 square miles.  Following
these arve the Rice, the Pinniddiwin, the Iast branch of the Mississippi, and several others of smaller extent of
drainage, These tributaries will vary from 450 theoretical horse-power under & head of 10 jeet ab their mouths,
with the ordinary low flow, down to an inconsiderable amount. They include within their limits probably the most
extensive system of uatural reservoirs to be found in the entire Mississippi basin, and this fact should add very
muaeh to their value as water-power streams,  The Leech Lake river is the most conspicnons example.  Leech lake,
of which it is the outlet, has an area of 176 square miles, and is a great reservoir, equalizing the flow, in which it is
aided by numerous smaller bodies of water. The deseent of Leech Lako river is slight, as the total {all is only 13,06
feet in about 18 mwiles, Nevertheless it is probable that an available power exists upon the stream, as the
recommendations of the governient engineers ineludle o dam and reservoir upon it,  With the large storagoe capacity
available, a water-poser upon Leeeh Lake river would be very steady., With the ordinary low flow a head of 10
{eet wourld allord at least 460 theorotical horse-power.

Pino river would afford at its mouth, under a hoad of 10 feet and with the ordinary low flow, about 325 theoretical
horsc-power, The headwaters are at the divide, limiting the feeders of Leech lake, and hence thoe total fall of the
river eannot be less than 120 feet. There are rapids in the river, and points at whicl it is proposed to construct
dams for the purpose of making storage reservoirs.  Prairvie river has rapids in ity course where it crosses the same
vidge of rock which eanses the Pokegama falls, The east branch of the Missigsippiis also deseribed by Schooleraft
a8 having some very strong rapids in its upper portion, ns indeed must be tho case, for it heads near Itasea lake,
and flows in the same general direction as the Itasca branel, which is very vapid in its descent for a large part of
its course, :

CROVW TWING RIVER.

This stream, with its drainage area of 3,660 square miles, is thoe Iargest tributary of the Mississippi above the
Minnesota river. Starting almost at the utmost spring of the Mississippi, it flows 105 miles, in a general southeast
direction, and enters the Mississippi about 390 miles below its source. There are a number of lakes within the
basin which anywhere else but in Minnesota would be one of its marked characteristics, but there are so many move
in the basin of the Red river of the North adjoining on the west, and in the region northward, as to make the Crow
Wing basin appear rather seantily supplied in comparison. The principal lake is Gull lake, some 8 Ly 10 miles in
extent., The chief tributaries, from the source down, are the Shell, the Red Eye, the Partridge, the Long Prairie,
and the Gull, of which all but the first enter the lower third of the river.  On this account over half tho basin drains
into the lower third of the river only. The section of country tributary to the Crow Wing is very largely a wild,
uncultivated region. Lumbering has been the chief business for some 20 years, and as a consequence all the pine
has been cut away exeept about the upper tributaries, where the logging is now done. The southern portion of the
basin, drained chiefly by the Long Prairie river, extends somewhat into the settled region of the state, and
consequently we find there what is probably the farthest nortly of all the flouring- or grist-mills of the upper
Mississippi basin, 1t is situated on the Loug Prairvie river, and uses 54 horse-power under o head of 7 feet. There
are two, possibly three, saw-mills in the basin of the Ovow Wing, using about 50 horse-power under a head of from
7 to 10 feet, and these, with the grist-mill, embrace all the water-power utilized. No power is taken from the Crow
Wing itself.  The total fall from the source to the mouth cannot be far from 500 feet, and rapids oceur in the stream.
Probably there are localities where the power will bo utilized in the futnre. The power at the mouth, with the
ordinary low flow, under a Lead of 10 feet, is about 1,200 horse-power. The Northern Pacific railvoad crosses the
river ab Motley, about 15 miles from the month, and for some 10 miles of this distance runs near the stream,

The Long Prairie river enters at Motley {rom the south. The scheme has been proposed of running & railroad
from the Northern Pacific at Motley, southwest through Minnesota, striking the Minnesota river at Lac qui Parle,
aund then passing into sonthern Dakota. By this there would be a more direct route for the passage of Inmber and
grain, It would make Motley an important point, and might lead to the development of a water-power, which
from & passing view it would seem possible to improve at that point.

TRIBUTARIES BETWEEN THHE OCROW WING AND THE MINNESOTA.

For the distauce of 136 miles the chief branches of the main stream are the Crow, the Rum, the Sauk, and the
Elk rivers, but there are & number of smaller tributaries, each draining from 100 to 800 square miles. Below the

Crow Wing river tho Mississippi enters a region of country more fully settled, where there is more demand for
184 : ‘
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water-power, and consequently there are several small custom flouring- and grist-mills and saw-mills, which are
run by theso smaller tributaries of the Mississippi, Awmong them may be mentioned the Platte, Watab, Two
Rivers, Little Kk, and Clearwater rivers. Tlere axe altogether abont twenty industries taking their power from
the small branches of the Mississippi, which power varies in amount from 15 to 75 horse-power, under a head
ranging from 4 to 19 feet. All are flouving- and grist-mills or saw-mills, with the exception of one door and sash
factory on the Clearwater river,

SAUK RIVER.

This viver has o general southeast course and enters the Mississippi from the west just at the head of Saulk
rapids,  Near the mouth it is 150 or 200 feet wide. ‘The drainage avea is 908 square miles, and includes only a few
lakes. The soil through which the river flows is sandy or clayey in nature, The power at the mouth under o head of
10 feet and with the ordinary low flow is estimated in the tables to be 329 theoretieal hovso-power.  The proprietor
of o mill at that place stated that about 300 horse-power was obtainable nnder a head of 8 feet.  Thoe shape of the
basin is such as to make the river maintain its size for a considerable distance from its moutlf.

There arve seven industries obtaining power from the Sauk river, all of them flonring- and grist-mills. The
highest head used is 18 feet and the smallest is 6 feet.  The largest power is 160 horse-power ander & head of 12
feet, and the smallestis 12 horse-power under a head of 6 feet,  The total power in use i3 505 (ellective) horse-power.

HLIE RIVER.

The Blk river has the peculiarity of rising only 15 miles from the Mississippi and entering it after flowing
about 100 miles in a nearly parallel course along the east side. The drainage area is 587 square miles in extent,
and a very large pavt of it is tributary to the Saint Franeis, a branch of the Ik viver, which enters it from the
east about 10 miles above the junction with the Mississippi,  The name Saint Traneis, aceording to Schooleraft,
was formerly given to the entive river. At this juunetion is the town of Elk River, the county seat of Sherburne
county, The railroad crosses the Blk river 3 or 4 miles above the mouth, and there the river is some 100 or 150 feet
wide, with steep banks of earth about 10 feet high, The estimated power in the tables for the ordinary low flow at
thie mouth vuder o head of 10 feet is about 180 theoretienl horse-power; above the Baint Francis it is probably not
over one-half this amount, The only power used from the XKlk river is at o point about 1.5 mile from the mouth,
where thiere ave three establishments working under ahead of 9 feet,  They arorated as follows: A flouring-mill using
200 horse-power, a saw-mill using 100 horse-power, and a furniture factory using 20 horse-power,  Of conrse all three
cannot worle at full capacity in o low stage of the river. Thero are other powers which it is possible to develop,
of which one is situated near the railroad bridge, There is one establishment upon the Saint Franeis river, o saw-
mill using 30 hovse-power under o head of 9 feet of water.

CROW RIVIER.

Tive miles below the mouth of the Blk river this stream enters from the west, With its drainage basin of
3,085 square wmiles it is tho largest tributary, with the exception of the Crow Wing, which {lows info the Mississippi
above the Minnesota river. The basin of the Crow consists chiefly of volling prairie, interspersed with groves of
hard-wood timber and is largely cultivated, There avea number of lakes within its limits, somo of them 4 or bsquare
miles in extent. About 18 miles from its mouth the Crow river separates into thoe North fork and South f{ork,
which are by map measurement 96 and 80 miles long, respectively. The area of the basin is nearly equally divided
Letween the two, but the North fork is considered the larger. This impression is very probably due to its draining
moroe lakes than the South fork, and, as it is steadier in its flow, appearing larger in low water. The South fork has
a tributary ealled Buftalo creel, which is 40 or 50 miles long. The Saint Paul, Minneapolis, and Manitoba raiiroad
crosses the South fork at Delano, 3 miles above the junction with the North fork; the stream is there 75 or 100 feet
wide at a low stage, with vertical rim-banks of clay, from 5 to 15 feet in height.  Below the junetion the Crow river
averages about 330 feet in width. Tn the table the Orow river is estimated to give at the moutl, with the ordinary
low flow, under a head of 10 feet, 1,050 theoretical horse-power, The greater part of thisis supplied by the North fork,
but how much it is impossible to say without gaugings. There is only one industry using the power of the South forl,
a flouring- and grist-mill at Watertown, about 10 miles from the junction, using some 30 Lorse-power under o head
of 8 feet. The proprictor is obliged to use steam part of the time, There was ab ono time o mill at Delano, but the
dam was earried away and never rebuilt. This dam was made by driving piles into the bed and filling in with
brash and stone. The banks at that place are b or 6 feet bigh. On the North fork and the river below the
junetion there is considerablo development of power, Altogether nearly 1,000 effective horse-power js in use under
Leads varying from 6 to 14 feet. There are 11 flonring- and grist-mills using an aggregate of 655 horse-power, The
remainder of the power is nearly all taken Ly saw-mills.

Power is used on the main river below the junction at four localities. There is o flouring-mill at {he mouth;
another just below Saint Michael’s; a grist-mill and saw-mill at Hanover, and at Rockford are & flonring-mill, saw-mill,
woolen-mill, and a cabinet-shop. This is the most completely developed power upon the river, bub it i:sg})y 10 means

)
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fully improved. Mr, Florida, the proprietor of the flouring-mill, states that * there is a sheet of water continually
running over the dam, say {rom 4 to § inches deep.” The head is 8 feet. The flouring-mill uses 93 horse-power,
the saw-mill 60, the woolen-mill 45, and the eabinet-shop, 35, making o total of 235 lorse power.

RUM RIVER.

The Rum river has a peenliar drainagoe basin, Like that of some streams in the state of Towa it is long and
narrow ; about S0 miles long and not averaging over 19 miles wide, with a general north-and-south direction.  The
upper end is Mille Laes, called by the Indians Michi Sagaigon, meaning ¢ great Inkes”. It is 186 sqnave milesin extent
and the largest sheet of water in the basin of the upper Mississippl,  AsIas been previously pointed out, its drainage
area is almost limited to its own surface, as the line of water-shed is in no place more than 6 miles away from the shove
of tho Iake. The Idum river, so named on account of color derived from the swamps and woods, starts from the
southwestern part of tho lake, and after flowing about 136 miles in a general southerly direction, enters the east
sido of the Mississippf ab Anoka, 7.5 miles below the mouth of the Crow river, The Rum river has been extensively
nsed for lumbering, and from 60,000,000 to 70,000,000 feet of pine are sent down every year, of which the most iy
gawed before it leaves the river, by mills worked eitler by water-power or by steam. There are many dams upou
the side streams, used for the purpose of holding and flushing logs into the main river. The large body of water
ab the head of the drainage-basin serves an important part in maintaining the flow of the river during low water,
The ordinary low-water discharge into the Mississippi is estimated to be 462 eabie feet per second, giving, under o
Lead of 10 feet, 524 theoretical horso-power.  Millers estimate that under this head from 450 to 550 horse-power is
practieally availablo, OQwing to the large reservoir ab the source, the river must maintain its voluume in low stages
well up toward the head. Itis elaimed by those familine with the region that a few miles below the ontlet of Mille
Tmesa dam could be built with a fall of 6 or 8 feet, which would raise thelevel of thelake 1 or 2 feet without flooding any
valuable land, By properly regulating the flow past this dam o very uniform stage of the river might be maintained,
It must, however, be remembered that the drainage area tributary to the lake, outside of its surface, is limited,
and that evaporation equals or exceeds 50 per cent. of tho rainfall on o water swrface in that climate. The owners
of water-powers aro of course desirous that Mille Lacs should bo ineluded in the reservoir system, but the government
-engineers excludo it on account of its limited drainagoe area. The Rum river is about 200 feet wide near the mouth,
and when visited in the extremely cold winter of 1880-’81 at Anoka, had a strong current about 2 feet deep, The

river flows chiefly between clay or sand banls, with usually a bowlder Dred ab the rapids, but where it crosses tho .

ridge of granite which produces Saok rapids on the Mississippi, there is a slight fall over roek in placo. At only
two localities is the power of the Rum river used. The first is at Anoka, some 2,000 feet above the mouth, where
there are a flouring-mill and a planing-mill run by ik, The head is 8 or & feet. The dam, early in 1881, was of
‘brush coustruction, and leaked very badly. It backs the water about 3 miles up-stream. The other development
is at Saint Franeis, about 16 miles from the mounth, where a flouring- and a saw-mill use the power under o head of
‘0 or 10 feet.  According to the ecensus returns there is a total of 8370 horse-power used from the Rum river, and there
is one flouring- and grist-mill upon a tribotary called the West Branch, using 50 horse-power under a head of 9 feet,

There are a number of available anntilized powers on the Rum river. It was stated by one familiar with the
stream, that from the outlet of Mille Lacs down to Princeton, a distance of from 55 to 65 miles, there are several rapids
and available water-power sites, while the banks are high enough to confine the water to the river chaunel. Xrom
Princeton to Saint Francis, a distance of 50 or b5 miles, the river is less rapid, and although thero is some fall, yet
fhe banks are low, and it is not so practicable to utilize the power. IFrom Saint Francis down to the level of the
Anoka power the river is quite rapid, and there are several available sites. At Oak Grove, about 12 miles above
Anoka, is & rapid where the banks are higl, and a pile dam could easily be constructed, giving 15 feet head of
water, 'With the ordinary low flow this would afford nearly 800 theoretical horse-power,

MINNESOTA RIVER.

From this river, so called by the Dakotas, the state of Minnesota has received its name. The river wus at one
titno called the Saint Peter’s, from a Frenchman who settled at its mouth, and Dy this title it is described in the
reports of early explorations, but a legislative enactment subsequently restored the old Indian name. Itis, eminently,
the viver of Minnesota, Starting in Dakota, abont 25 miles west of the boundary, the river flows 256 miles southeast
and then northeast clear across the southern portion of the state of Minnesota, to join the Mississippi just below
the falls of Saint Anthony, between the cities of Minneapolis and Saint Paul, With its drainage area of slightly
more than 16,000 square miles, it is only exceeded about 3,600 square miles by the entire basin of the Mississippi
above the junction. Although draining such a large extent of country, the Minnesota does not wield a proportionate
inflaence with the other tributaries of the Mississippi. The country from which it runs is not well adapted to
maintaining the flow of a large river through the dry season, and hence the Minnesota partakes largely of the
<characteristies of a prairie stream, a fact pointed out on a previous page.
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General deseription of the basin.—The drainage basin may be likened, ronghly speaking, to a rectangle running
southeast through the prairie region of southern Minnesota,  On the north a projection forees the Ine of water-shed
far up toward Otter Tail lake, the source of the Red river of the North,  On thoe west and gouthwest the water-shed
runs along the ridge of drift, ealled the Cotean des Drairies, whieh extends novthwest into Dakota. A southern
prolengation of the basin earries the line of water-shed for a short distance into Towa, and limits the northern
drainage of the Des Moines river, and thenee the erest-line runs nearly north to the Mississippi,  The area included
within the limits of the basin embraces very fertile praivio land, and has been, with the conntry to the eastward, the
wheat-raising region of Minnesota, until the Red River valley rose to dispute the elaim,  The eastern portion of the
basin is very {ully settled and the region westward is fast coming under enltivation,

On the praivio no trees are seen, and i€ is only on descending to the river-bottoms that they ave found. Thero
cottonwood and several varieties of hard wood, ag oak, maple, elm, cte,, are met with, but cottonwood is the
characteristic growth,  In the castern portion of the hasin the timber is more common, and a peeuliar growth of
hard wood called the Big Woods extends in o belt, 45 miles wide, northwoest throngh the basin,  Thoe entire bagin
i either level praivie or rolling, with troughs cut below the general Tovel, in which the rivers run,  The blufls on
either side of these river valleys are generally steep, and it is on them or on the viver hottom below that the timber
grows. The Chicago and Northwestern, the Chicago, Milwankee and Saint Paul, and the Saint Paul, Minucapolis
and Manitoba railroads have various branches through the basin, from east to west.

GENLBRAL DESGRIPTION OI TN RIVER.

Starting from the treeloss praivie of castern Dakota, the Minnesota rony southeast somo 25 or 30 miles to the
boundary between Dakota and the state of Minnesota, Tovming the Loundary in that region are two peeuliar
lakes—DBig Stone luke, called by the Sioux “Inyan Tonka?”, from the great masses of granite near by, draining
southward into the Mississippi, and lake Traverse, draining northward, by the Bois do Sioux, inte Hudsow’s bay,
The fivst of these lakes is 26 miles and the last 23 miles long; cach averages L mile or 2 miles in width, The general
direction of lake Traverse is northeast and southwest, and of Big Stono lake, northwest and sontheast.  These two
lakes lie really in the same valley, o faet alluded to in the report on the Red river of the North,
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Map of Brown’s valley, Minnesota, YFrom General Warren’s roport,

The summit—The lakes ave between 4 and 5 miles apart, and the intervening tract, called Brown’s valley, is
the dividing ridge separating the waters of Iudson’s bay from the dreainage of the gulf of Mexico. Itis hardly

correct to eall this the dividing ridge, for in times of ilood there is water communication between the lakes, In

the report of the chief of engineers for 1874 will e found detailed deseriptions of this region, and of the entire

Minnesota river, prepared under the divection of General G. K. Warren by My, C. 15 Dayvis, .
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Brown’s valley is about 1.5 mile wide, a rich_alluvial region, 17 feet albove lake Traverse and 22 feet above
Big Stone lake, Through the bluif on the western side of this valley, about 1 mile below lake Traverse, the
Minnesota has cnt its gorge. It runs across the valley to its center, a stream from 15 to 30 feet wide, with hanks
10 or 12 feet high, then turns and follows the direction of the valley down to Big Stone lake. A slough, 4 feet deep,
20 feet wide, and 6 feet above the bed of the Minnesota, connects with the swamps at the head of lake Traverse,
and when the Minnesota is high there is a water-way, 1.5 foot or 2 feet deep, to lake Traverse,

1t has happened that an ice-gorge upon the Red river of the North has backed the water up the valley over
the erest, so that it has flowed down into Big Stone lake. The channel between the two lakes is easily navigated
in high water by canoes. In 1862 or 1863 the attempt was made to float o small steamboat up the Minnesota viver
and over into the Red river of the North, but the boat was abandoned about § miles below Big Stoue lake, where o
Tow years ago the timbers were still to be seen. »

The character of the summit between the two gystems of drainage sugeested the opening of navigation up the
Minnesota, and so over into the Red River valley, and it was for this purpose that the survey just mentioned wag
made in 1868. Nothing Las been done in connection with this improvement, which contemplated the construetion
of canals, damg, and locks along the Minuesota to the Mississippi river,

The Dluffs whicl border Big Stone lake aro from 130 to 150 {eet high, abrupt, and rising to the prairie level on
cach side. DBelow the lake they continue at about the samoe height and distance apart, forming, with the bottom-
land between them, the valley of the Minnesota, This valley continues clear to the Mississippi river, varying from
1 mile to 2 or 8 miles wide, and down it, winding from side to side, runs the Minnesota. At the foot of Big Stone
lake tho valley is from 1 to 1.5 mile wide; at the mouth of the Minnesota it is less than a mile wide,

Take Traverse is thought by General G. IC Warren to have been formed by the river fllling up the trough at
Brown’s valley and throwing back the water, while Big Stone lake is due to a similar action by the Whetsone
river, which enters the Minnesota below the foot of thelake, When tho drainage was limited to the immediate
locality the river could not A1l its old channel, and honce its erippled energles have been limited in their action to
the sorting over of the ancient bed of the valley, Cousiderable changes have been wronglht in this way, and by the
side streams, which liave worn deep gulehes out of the Dlufts on either side, spreading the débris upon the floor of
the valley. The opportunities for the river to sink its new chaunel very far below the ancient bed are much
restrieted by the solid granite, which is only thinly covered with drift in places, or else rises in vast water-worn
domes and ramparts, sometimes 50 feet or moro above the bottom of the valley.

The first granite appears in the valley of the river 1.5 mile Delow Big Stone lake, and from there to a little
below Fort Ridgely, a distance of 110 miles, it characterizes the stream to o greater or less extent, In places the
viver is rapid over a solid Led of rock; in others, transported material or detached bowlders of the granite itself
form bars and ripples in the stream. The great masses of solid rock rising from the soil bear witness to tremendous
agoncies in their carving., Five miles below Fort Ridgely the solid rock disappears from the bed of the stream, and
from there down to the gulf of Mexico the old rock-bed of the valley is covered with the drift, out of which the
modern Mississippi and Minnesota ave wearing their new beds. Near Saint Iaul the rock-bed is about 80 feet
below the present level of the Mississippi.

Tho Minnesota emerges from the foot of Big Stone lake, o small stream about 20 feet wide, flowing hotween
low grassy banks in the swampy meadow which fills the valley at the foot of the lake. The Whetstoue river entery
from the west, 1.5 mile below Big Stone Iake, and as it is o stream about 25 feet wide, it adds cousiderably to the
sizo of the Minnesota, Below the Whetstone the width of the river is 50 or 60 feefi The Yellow Earth enters from
the west, and then the Pomme de Terro from the north. This stream drains lakes away north in the Otter Tail
region. Thirty-four miles helow Big Stone lake the Lac qui I*arle river enters the valley. It is a stream abont 60
miles in length, and adds very much to the volume-of the main river. By the detritug it has brought into the
valley, the Minnesota has been held back in a lake some 6 miles long by 1 mile wide, named Lac qui Parle, “the
lake that speaks,” from an old Indian tradition, The Indians called the Lae qui Parle river the Cha-Tuatpal,
meaning the last wooded stream, as, according to Mr. Davis? statement, it is the last river in ascending the
Minnesota that has any timber of consequence on its banks, Below the Lac qui Parle river the Minnesota is from
120 to 140 feet wide. About 10 miles down the Chippewa river enters, which, like the Pomme de Terre, drains
lakes Iying to the north in the Otter Tail region,

Fifty-six miles from Big Stone lake is the head of the rapids, which include Granite falls, Minnesota falls, and
the principal available water-power of the Minuesota river, Ten or 12 miles below the town of Granite Ifalls the
Yellow Medicine and the Chetomba rivers enter, the one from the south and the other fom the north, and 21 miles
farther down stream the Redwood river enters. The three streaws, the Lac qui Parle, the Yellow Medicine, and
the Redwood, drain nearly all the portion of the basin west of the river in Minnesota, On the north side of the
river, after passing the Pomme de Terre and Chippewa rivers, the line of water-shed approaches the stream, and,
hence, below that, all tributaries from that direction are small in size. On the south side, however, the water-shed
runs about parallel with the river and 40 or 50 miles away, giving drainage sufficient to form streams like the

Redwood. These streams greatly increase the size of the river, so that its Led is from 150 to 180 feet wide. Torty
183 . .
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miles below the Redwood is the mouth of the Big Cottonwood, and from § to 5 miles below is the Little Cottonwood,
The Big Cottonwood is a large stream, 120 feet wide at the mouth, draining over 900 square miles of surface. The
width of the Minnesota below the Big Cottonwood averages about 250 feet.  Twenty miles below the Big Cottonwood
is the great bend of the Minnesota, where it turns through more than 909, and rans northeast to the Mississippi.
At the angle the Blue Llarth river enters from the south; it is by far the largest tributary of the Minnesota,
draining over 3,000 square miles. With its tributaries radiating on each side, like the armsg of a fan, it oceupies
the entire northern extension of the Minnesota basin, and rises in the prairie of northern fowa. Below the Blue
Earth the Minnesota basin contracts, and nothing but small streams enter the river,  The width down to the mouth
averages from 280 to 300 feet.

Slope of the river.—~The slope of the Minnesota averages 0.80 foot per mile, and in only a few localities does it
exceed or even equal 3 feet per mile. Tor the Jast 35 miles of the channel the slope is only 0.1 foot per mile.
The practically available water-power is located upon the wpper portion of the river, and, although it would Le
possible to develop water-power even where the slope iy small, yet the expense attending such an improvement
would practically prevent it on the river from the mouth up to near the Redwood river, a distance of about 170
miles. Trom there up to Big'Stone lake are several available sites, which will be mentioned farther on. The
river hias been declared navigable up to Minnesota falls, a distance of 200 miles, and before the railroad ran up the
valley Loats used to ply up and down the stream to the Redwood river, and even beyond when the stage of the
water would allow, but this was very uncertain and ab times sudden in its fluctuations. IDeing a navigable stream
it has been required that all bridges should be constructed with draws over the channel, and, accordingly, expensive
structures are built, to be practically unused, There was tall when the river was visited, in the winter of 1880-'81,
of endeavoring to have the portion of the river above the Redwood ab least declared vnnavigable. This would
remove all legal restrictions to the construction of dawms for purposes of water-power.

Table of data for the Minnesota river,

; . Theorotl-
Aven l)hstmmu\ wll i Ordinpey sl hot

PP telbutary]  from Mot (YR Frme g tloy (U0 Bozse:
Station. above ~ [provoding’ distance, \'L‘l‘:“gi‘})l]“"“ Total fullf 5, v hend

atation. | station, socond, of 10 Loot.

: Sq. miles,| Miles, Miles, Feet, Feet,  |Qubiajeet,| IL D,
LK LIAVEIH covrennrienncnnriasssnanas|snran P N T I IR T I [TTTOPPI P venns
Head of Big Stono 1Ko . vvesvveveneienns [P 4,76 4.7 .71 £ N AU veweliannannans
Foot of Big Stone lakowieecnrerinienes 6oo 25,75 80, BY 0,00 T fio il
Mouth of Pommo do Terre viver........ 2,000 20,13 G0, 63 B0, 12 37,83 180 204
Head of Lae quilarle covaeeienencens ve|osenaninan 19 G0, 82 804 L 1A S PO Y
Yoot of Tae qui Parlo ...... Garaarsasees 4,080 7.40 04.28 0. 00 40,47 365 403
Month of Chippown rivor.eceeeeeeinen 4,080 12,95 70, 63 14,20 00,07 550 004
Teald of rapids, Including Granito falls..| 6,180 10,00 K0, 63 6. 02 07,60 ] (131
Tout of Minnosola fulls . veaanevvennnnns 6,185 b. 88 01.01 40.78 | 11707 il G35
Mouth of Yellow Medielno vlvie........ 7,484 4,03 10, 60 B02 | 195,80 (itsh 77
Aouth of Redwonl eivey ... veu 8402 0L 15 L 43,45 | 108,84 T8N 8O0
Mouth of Big Cotionwood river... 10,447 40,83 167, 64 85,75 | 204,00 000 1,091
Mouth of Bluo Barth viver.cescascecas 14, 610 10,07 1711 27, 02 231, 01 2000 9,825
Bollo PN ceenscvannsannnres vesasuruserfiaune R LI (1 217, 04 57,80 195 1) N DAY PPN
Foot of LAIo Taplds suesvieiioiiiinnnrfinune reun 0,11 | 226,15 7.8 1 200,10 TR
Mouth of Minnesota Hver..ei. ... Carmvas 10, 027 85, 50 261, 65 0.40 201, 60 9,600 9,830

TFlow of the river~The drainage arcas given in this table were measured from the land-office maps; the
distances and clevations were obtained from the reports of the chief of engincers, and the amounts of ordinary low
flow wero estimated by the aid of the tables deduced in treating of the Mississippi basin in general, and from &
knowledge of the country drained. Some of the streams in the western portion of the basin of the Minnesota are
typical praivie streams, and for them an ordinary low flow per second per square mile of 0.06 cubic foot was talken.
Tn the eastern portion, where there are woods, the flow was taken as high as 0.25 to 0.30 cubic foot per square mile,
Between these limits the factor was varied in accordance with the nature of the land drained by the tributaries.

Owing to the uncertain data available for prairie streams, and the great range of fluctuation to which they are
subjeet, it is impossible to determine the ordinary low flow accurately, and the amounts in the table for the Minnesota
are given only as a rough approximation,

The lines of equal precipitation on the rainfall chart run nearly parallel with the river above the great bend,
and heneo, while the tributaries from the north have only about 25 inches of annual precipitation upon their hasins,
thoso from the south have from 26 to 30 inches. That this difference exerts any great effect upon the ordinary low
flow is not certain, It must be understood that the figures for flow will not apply to the river for severe winter
weather, when it dwindles doiwn to a discharge of even 800 cubic feet per second af the mouth, and some of the
prairie tributaries arve frozen solid at their headwaters. Neither are they applicable to very dry seasons in summer

and fall. 189
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The Minnesota probably discharges in high floods 60,000 cubic feet of water per second, when the melting snow
aund heavy rains on the prairies are pouring rapidly into the valley. The following gaugings at the mouth in 1867
are taken from tables in the chief of engincers’ reports:

] B
Juno 22..... .es 22, 810 ‘ October 8 ... 2,482
July 4 ... . 27, 0'11 Qetober 10 .. 1, 696
July 10 .-.... . 22, 040 ] Octobor 17 .. 1,083
July 13 ... . 17,273 | { Outoler 21, 1,277

T July17... . 1L 784 || October 25........ 1,824
Jaly 8L cocernnnns 17, 087 [l Octoler 80 ...... .. 1,200
Augast ..., 11,410 || November 2 ... B 1,316
September 4 ..... 4,621 |} November 6 v 1,820
September 19,... 2,861 1] Novembor 14 ..... 1,9M
September 20, ... 8,767 | ! November 23 ..... 1,682
October 3........ 2,025 \ November 27 ... 1,842

Genaral G, K. Warren states:

By the time the snow is melted in the upper valley the spring raivs scb in and last until the latter part of June, when tho river 18
nsually at a high-flood stage, From that timo it fulls rapidly. * * * Sometimes heavy rains ocenr in August and Septerber, which
pive saveral feet risa; bub the rains ave of short duration, amd the river falls so quickly that dteamboats do not go up the ziver on account
of the risk of its falling before thoy return. * ¥ * The river ig wsnelly closed by ico from November 20 to April 15, and sometimes
much longer, * * * Tho periodical raing cause a riso from low to high water of 26 feot. .

The statement was made by one of the manufacturers at Granite falls that a 10-foot rise at that place was o
very high one.

It will be seen from the figures givon relative to the flow of the river, and {rom the description of the country
drained, that the Minnesota and moss of its tributaries are low-flow streams, depending very largely for maintenance
of flow through the year upon a uniform distribution of the rainfall. This they do not get, and hence, unlike the
wooded and swampy tributaries at the headwaters of thoe Mississippi, most of the upper branches of the Minnesota
run very low in the dry season, or when severe cold freezes tho prairie surface solid may even cease ranning entirvely
at their sources. These conditions produce iheir dne eifect upon the main stream, and the nnsteady character of
the flow from so large » portion of the basin of the Minnesota river is detrimental to its water-power,

WATER-POWER SITES ON THE MINNESQTA RIVER,

Thero are only three cstablishments using power from the river, They are situated at or near Granite falls,
and will be described in course. It is proposed now to give a description, so far as pogsible from the information
obtfuned of thre location and character of the available water-power sites along the river from Big Stone lake down,

The outlet of Big Stone lake~The flow of water from Big Stone lake is too small to afford any large power, but
it would De possible to run o fair-sized custom mill by the river at that place. The valley is about 1 mile wide
between the steep bluffy—a rich alluvial plain of dark sandy loam. At the shore of the lake the banks are swampy
and scarcely elevated above the water.

The state line between Minnesota and Dakota passes lengthwise along the valley, and is marked by an
iron monument near the lake. Upon the Minunesota bluff is the village of Ortonville, and opposite, on the Dakota
Dblaff, the village of Big Stone City. A wagon-road crosses the valley between the two places, and at Ortonville is
the landing for a steamboat which navigates thelake. The Hastings and Dakota division of the Chicago, Milwaulkee,
and Sgint Paul railroad crosses the valley into Dakota a little helow the lake, but a side-track runs up to the
steamboat landing, The depot is about one-quarter of a mile below the town.

The end of the lake is nearly square instead of pointed, as represented on most of the maps, and is said to be
slowly creeping up the valley, being now several hundred feet above where it is represented upon the government
plats. T'rom about the center of this end shore of tho lake, the Minnesota emerges between sedgy banks scarcely
more than 1 foot bigh. Just below where the wagon-bridge cerosses it, the width is about 20 {feet, and on January
18, 1881, the water was about 1 foot deep, with an average velocity, roughlv mea&ured of 1.2 foot per second, This
wonld give o flow of 24 cubie feet per second.

The variation in the discharge of the lake is more dependent upon the direction of the wind than upon anything
else; a freshet is not so much cansed by rain or melting snow as by a strong wind from the northwest, which if it
continue for several days will send waves down the lake 3 feet high or more, and raise the level so as to flood the
flat. When the wind subsides, the flow of the river is very much diminished, until the lake is replenished. There

a demand for a flouring-mill in the vicinity, which will increase as this region, scarcely opened up before 1879,
becomes more settled. There is already a steam mnill proposed at Ortonville, which will probably be built, being

preferable to an investment in the water-power, but with considerable expense such a power could be developed.
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By building an embankment across the valley about 1 mile long and 4 feet high, the waves would not break over
it to any cousiderable extent, and the diseharge could be regulated more uniformly. A quarter of o mile down-stream
the banks are about 9 feet high, and by building a short dam across the river, with wing-dams conneeting with the
dam across the valley, it would be possible to obtain a hiead of 8.5 feet with the Iake-level raised about 1.5 foot. It
was claimed by those familiar with the matter that five runs of stones could be worked with the greatest ease, and
it would be possible to run nearly twice that number. By locating the mill one-half mile farther down, the head

“would be 9 feet, and one-half mile farther a head of about 10 feet could be obtained, The lake dam would have to

be riprapped to protect it from the action of the waves.

The Whetstone river, which enters the Minnesota river 1.5 mile below Big Stone lake, drains a considerable
area, and is & large stream in spring, By a dam it is said to be possible to turn it into the lake through an old
channel, and it would assist very greatly to increase the bedy of water, It would bo turned off' from two farms if’
this plan were carried out. ' '

Delow Big Stone lake~From the outlet of Big Stone lake down to near Granite falls the average slope of the
river is only about 1 foot per mile, and any availablo powers, if they exist, must be utilized by throwing a dam
across at an advantageous point and flooding up-stream for a considerable distance. So far as conld be learned
from inquiry there is no location in a good eoudition to be improved without considerable expeuse, but very likely
there are sites that conld be developed more readily than that at the foot of Big Stone lake, Just below the mouth
of the Pomme de Terre river is o site where it was said that, with considerable expense, & head of 8 feet conld be
obtained.

Granite falls—Before any water-power improvements were made upon the Minnesota there was a series of
rapids extending for nearly 5.5 miles down the stream, and about at the center of this distance aro Giranite falls,
from which the village near by takes its name. The total descent of these vapids is 49,73 feet, or 9.25 feet per mile,
At the foot are Minnesota falls, which will receivo notice farther on. The larger part of the descent is at Granito
fulls, where o {all of about 35 feet is concentrated within a distanco of not over 1 mile.

The first improvement found upon these rapids in passing down-stream is ab Ilicksonw's milly 2 miles above
Granite falls, With o head of 7 or 8 feet the water is backed up tho river about 5 miles. My, Ilickson has there
a swall customemill, with three runs of stones,  Trow this mill down to Granite falls there is no improvement of the
water-power, _

Granite Falls is {hie name given to a place in the river where the water falls about 9 feet over a granite rib,
which extends across the stream.  The river flows southeast above the fally, close along the left-hand blufls of the

-alley, but thero it turns and runs nearly south for about 2,000 feety and then takes another Leud to the southeast.
This leaves o broad plain, level or slightly rolling, and on this is the village of Granite Falls, tho county seat of
Yellow Medicine county, Beyond the plain the true valley bluffs rise, and beyond these stretches tho fertile praivie,

The railroad which runs up the Minnesota to Big Stono lake first enters the valley at Granite Ialls, and the
station is on the opposite side of the viver from the village, to which o highway bridge crosses just above the falls,
The granito in place crops out in tho valley in large masses, espeeially west and southwest of the village, where
are immense roughly-rounded ridges and knobs rising from the plain, almost deserving of the name of hills, The
Dluff on the left bank of the river continues in & southeast direction.

The upper bend in the river toward the south is apparently caused by a rocky ridge which runs in that direction.
The lett bank, which was steep and high, now lowers to o slope of perhapy 20 degrees, rising 15 feet above tho
water. The right bank below the falls is from 10 to 20 feet high, a steep clay bank leading to the flat.

At the lower bend, where the river turns again to the south, the granite ridge which skirts tho western sider
of the flat and the ridge on the east side of the river meet, and there the river forces its way in a channel about
175 feet wide hetween solid granite walls from 10 to 20 feet or more in height, carved and rounded by the crosion of’
the river. The prolongation up-stream of the direction of the channel below the lower bend passes directly along
the base of the granite ridge already mentioned, and in this direction are the unmistakable marks of an old river-
channel earved through the rocks. This old channel extends up the plain 4 miles and then meets the river once
more, In floods it is still used by the surplus waters of the river, and through it the steamboab passed which has.
been mentioned as attempting to cross over into the Red river of the North.

Aills at Granite Falls.—The only power used in the vicinity of Granite Falls is taken Dy two flouring-mills.
One is about half o mile above the falls, An old log and brush dam gives a head of 4 feet, and o race ranning
along the left bank 600 feet increases the head to11 feet. The mill is a small one of only three runs of stones. The
saee is about 10 fect wides the pond backs up to within about 2 feet of tho level of the tail-race of Hickson’s mill.
1t is the intention of the proprietor to builkl a substantial masonry dam and erect a large merchant flouring-mill.
It would e possiblo to increase the head nearly 2 feet, and as the right bank is very low at the dam, this would
necessitate the building of a short embankment, The bed of the river at the dam is of clay and bowlders, and the
Dbanks are of clay. The other mill is sitnated directly at the fallg, at o situation admirable for the construction of
adam. The granite rib which forms the falls extends part way out from the left bank, above the water-surface,
and it was only necessary to build the dam across the remaining space on the solid rock bed.
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3y backing the water up to the tail-race of the mill above a head of 11 feet is obtained directly at the dam. It
is utilized by a flouring-mill on the right bank, which takes 125 horse-power. During the severe winter of 1880-781
this mill ran five rans of stones, by filling the pond during the night and gradually drawing it down during the
day. This is thoe last mill on the Minnesota river,
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Minnesota river at Granite Falls, Minnesota, (The lovels are approximate.)

T'rom the description given it will be seen that with the present dams all the fall js improved from the head of
tho rapids to the foot of tho falls.

Below the falls the river is rapid to beyond the lower bend. A line of levels was run on the ice from thelower
bend up to the tail-race of the mill, and the fall was estimated to be between 10 and 15 feet,

Tho power is owned partly Dy the Messrs. Pillsbury, who are so largely interested in the mills at Minneapolis.
There is some legal difficulty in the way of its development, but this can Dbe settled, and it has heen proposed to
build a dam at a point o few hundred feet above the lower bend. The left bank is low, and would probably be
flooded to sewme extent. :

It was proposed some time ago, before the present interests were established, to run a race from near Hiclson’s
-dam down the flat to near the foot of the old channel, and there make a basin, along which to station mills, By -
this mmeans a heud of at least 30 feet could be obtained.

The river is not so rapid from the lower Lend down to Minnesota falls, 2 miles below Granite falls, but at one
‘point, about half-way between, is an island, past which the descent is more concentrated, and there » dam could
bo constructed, but with the power at Minnesota falls and above fully improved there would not be suflicient fall
left at this poiut to be of value, .

Minnesote falls.—This is a concentration of the descent over granite rock at the foot of the 5.5 miles of rapid
water. Lhe village of Minnesota IPalls is upon the right Lank at this place, and it was the expectation that it
would Dbe the principal town of the region, but the construction of the railroad determined that for Granite IFalls.
There is o log and stone dam on solid granite at this point, and just below are the ruins of a flouring-mill, which
was burnt shortly after its erection.

The head available at the mill-site with the present dam is about 10 feet, It is the intention of the proprictors
to rebuild, and by means of raising the dam goas to flood out rapids above, also blasting out a tail-race in the rapids
below the mill, a hiead of 16 or 17 feet can be obtained,

Below Minnesota falls.—As the river is declared a navigable stream below this place, riparian owners would
have no right to improve any water-powers that might exist. There are several locations, however, which are
-otherwise available, and in course of time it may be that they will be developed.

The river is not so rapid below Minnesota falls as in the stretch of rapids above, yet in the distance of 21 miles

from the Yellow Medicine, which enters 4.5 miles Lelow, to the Redwood river, the average slope is 2.05 feet per
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mile, and at least three places afford opportunities for obtaining water-power. These are Patterson’s rapids, Sacred
Heart island, and a point about 2 miles above the mouth of Redwood river, There is also & location 1 or 2 miles
below the mouth of the Redwood river, So far as could be ascertained these are the only water-power sites from
Minnesota falls down to the mouth of the river which offer any good opportunitics for improvement; there may be
others, but no knowledge could be gained conecerning them., The oxwedmwly severe winter weather of January,
1881, prevented any detailed examination of the river,

Patterson’s rapids are about 13 miles above the month of the Redwood, and Sacred Teart island is 3 miles below
the rapids, and at both places a head of about 8 feet can be obtained. The bed and banks are solid granite. At
Patterson’s rapids the plan of development would probably be to use an old deserted channel about 1.5 mile long,
part as o head-race and {he lower portion for a tail-race, placing the mills between, The property is owned by the
proprietors of the Minnesota Falls power. At Sacred ITeart island the location is very fine for building a dam
across each channel to the island.

Tho place 2 miles above the Redwood is deseribed as 11101'c111w‘ a head of 16 feet by the building of a dam about
200 feet long: The bed and banks are solid rock. The site below the Redwood river would give a head of 16 feet.
The dam would be built on & rock foundation, and the water carried in a race some distance down stream.

Probably Doth of these last two powers could not be developed without interfering with each other.

Three miles above New Ulm are rapids, and also Lelow the town are some powers, but it ig the opinion of those
familiar with the river that the expense of improvement would ontweigh all value of the power. Then from the
lieight to which floods rise in the river there would necessarily be times when back-water would destroy the head.
This disadvantage would be met, although perhaps in a limited degree, upon any developed water-power on the
Minuesotariver. The statement made at Granite Falls, that a 10-foot ise was an unusnal one there, wounld probably
searcely apply to any other portion of the river’s conrse, because there the steep descent permits the water to flow
off' rapidly.

TRIBUTARIES OF THE MINNESOTA.

Tho prineipal tributaries for power are the Blue Iarth and its branehes, the Redwood, the Big Cottonwood, the
‘Chippewa, and the Iomme de Terre. The praivio streams ave very uncertain, and little (101)011(1011(-9 can be placed
upon them except during the webt months of the year. Then they run full; but, with no woods and very little swamp
or lake area to hold the water, they afterward dwindle away to small size. 'When the cold of winter freezes the
prairvie, they may be nothing bul. o mags of solid dce at their headwaters, receiving the flow from a fow living
springs farther down,

Nevertheless, these streams are made use of to drive the machinery of flouring-wills of small size, suflicient to
do the loeal glmdmn‘ and on gsome of the larger ones less suh]vcb to the praivie influences there are mills doing a
considerable business,

These tributaries of the Minnesota have a rupid descent, and ave not lacking in power so far as that factor is
concerned, Many of them enter the Minnesota valley with o slope of 10 feet or more per mile,  They have cut their
ravines deep below the general level of the prairie, and come out upon the floor of the valley 100 or 200 feet Lelow;
dience, judging from this descent, the smaller streams at least must have many rapid places in {heir courses.

WHBISTONE RIVER,

Thus the Whetstone river, which enters from the west just below Big Stone lake, has & mill, the only one upon
it, ot whiel, by tunneling through a neck of land, o head of 32 feet is obtained, and by raising the dam it could he
increased to 40 feet, This mill has two runs of stones, but about three could be operated most of the time. This
- river is very small in low water,

LAG QUI PARLE RIVER.

'.L‘ho Lace qui Parle is sumlfu‘ in this respect, almost drying up at times.

Small streams.—Before proceeding to the deseription of the more important Lmbutaues, it should be stated that
there are several small streams not mentioned at all which, unstoady though they may be, yet can be used in the
future to {urnish power for small mills, Notable among these is Beaver creek, which enters from the north 2 or 3
miles below the Redwood river. There are two mills upon it; one noted in the census returns as using 30-horse
power under a head of 17 feet, also using steam ; the other using 12-horse power under a head of 30 feet.

POMME DE TERRE RIVER.

This stream flows almost directly south. Rising very near Otter Tail lake, the source of the Red river of the
North, it drains several lakes, chief among whieh are Turtle, Ohristina, and Pelican lakes, On account of this
tribute which the lake region of Minnesota offers to the Minnesota basin, the Pomme de Terre is more steady in
its flow than the true prairvie tributaries, especially in sammer. During cold winters the lakes are not always
sufficient to prevent its falling away, but the mills rarely have to stop on that account. The Pomme de Terre is
about 100 miles long, but as the basin is long and narrow, no tributaries of importance enter it. Its vallggy, as well
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as that of the Chippewa, which flows parallel to it on the east, is from one-guarter to one-half a mile wide, with
bluffs 75 or 100 feet high most of the way, These valleys are cousidered by Professor N. I Winchell to have heen
probably lines of drainage from the retreating ice-fields of the north leading into the main Minnesota trough.
Like the modern Minnesota, the Pomme de Terre and the Ohippewa are almost lost in their large valleys

The railroad crosses the river about 10 miles from the source, and thenco down to the mouth thc total fall
is not far from 250 feet. Trom where the railroad crosses it about 30 miles above the mouth, there is o descent of
100 feet, The average slope of about 3 feet per mile nffords available powers. The banks and bed of the river are
sandy gravel and clay, and the banks are generally high enough to prevent flowage from dams,

There are five improved powers upon the Pomme de Terre., The first iy at Appleton, on the railroad, 2.5 miles
abovo the mouth of the river. A flouring-mill there uses four runs of stones under a head of 10 fect, and part of
the year power could easily be obtained for six runs.

The dam, about 75 feet long, is built on the clay bed of the river, of logs, brush, and stone, planked over.
Just below the mill is a bend in the river, with a steop eroded bluff), some 30 feet high, Over thiy the snow has
JDeen known to drift level with the top and flood the water back upon the mill. Two miles above is a mill using
about 40-horse power under a head of 10 feet. There advantage hias been taken of & bend in the river, & canal cut
across the neck, and about half the flow carried through it. About 20 miles from the mouth is a mill with a head of
8 feet and rated at 24 horse-power, ADove this is a mill rated in the census returns at 70 horse-power under a head
of 10 feet; and still another above, in Otter Tail county, at 70 horse-power under a head of 18 feet.

There are some undeveloped water-power sites of whieh information could be secured, and undoubtedly many
others exist. Trom Appleton down to its mounth the river is rapid, and in that distance of 2.5 miles at least one
fine power can be obtained.

By building a short dam about a quarter of a mile below the railroad track and carrying the water in a race
across a neck of land, a head of 17 feet can casily be used. This power is considered by the millers equivalent to
eight runs of stones. Two sites were mentioned, about 6 and 12 miles, respectively, above Appleton, where a head
of 8 or 10 feet is available; and then, again, near the town of Blhow Lake, on the upper portion of the stream, there
are two sites, one of which would afford a head of 14 feet and the other 8 feet. A miller familiar with the stream
considered that a head of 14 feet in that section wounld afford sufficient power for four runs of stones.

CIIPPIYWA RIVER.

This stream rises near the region drained by the hieadwaters of the Pomme de Lerre, and like it drains several
lakes, the largest being lake Whipple, about 7 miles long Ly 1.5 mile wide.

The basin ig rather larger than that of the Pomme de Terre, spreading out toward the east so as to afford &
tributary some 85 miles long, ealled the Bast branch, whieh enters the main stream at Benton, about 30 miles from
the mouth. The Chippewa is somewhat similar to the Pomme do Terve, but appears to be rather more unsteady
in its flow, probably because it drains a larger area of prairie country, not supplied with lakes.

The nature of the valley and of the bed and banks is like that of the Pomme de Terre. According to the
railroad lovels, the total fall from about 10 miles below the source to the mouth is slightly more than 400 feet,
giving an average slope of about 5 fest per mile. There are several unimproved powers.

According to the census returns there are five mills upon the main stream and three upon the Kast branch.

In the first 12 miles above the mouth of tho river ave two flonring-mills, one using 22 horse-power under a head
of 8 feet, and the other 36 horse-power under & head of 7 feet. ‘

Above the junction of the Ilast Lranch arve the remaining three mills, in the following order, up-stream: 33
horse-power under a head of 15 feet, 60 horse-power under a head of 21 feet, and 26 horse-power under a head of 15 feet;
the latter is near the headiwaters, The mills upon the Bast branch are situated at Switt falls and at Chippewa falls,
above. At the former is a flouring-mill, using 35 horse-power under a head of 12 feet, and at the latter aro a flouring-
‘mill and a saw-mill, using, respectively, 50 and 23 horse-power uuder a head of 18 feet of water,

YELLOW MEDICINE RIVER.

This is the first tributary on the west or right bank of the Minnesota of any size below the Tac qui Parle
river. It runs back 50 or 60 miles into the prairie, and drains about 600 square miles, Near its mouth the river
is from 30 to 50 feet wide, with steep clay and gravel vim-banks rising from 10 to 20 feet. It is an unsteady stream,
pouring a large volume of water into the Minnesota when in flood.  About § miles back from the Minnesotn valley
is the only mill upon the stream, a flonring-mill of & or 3 runs, using a head of 20 feet of water, Below the mill the
stream is more rapid than above, for it thero has o swift dc&cont. through its gorge to the Minnesota valley. In
the valley itself it has an average slope of nearly 5 feet per wile.  There are some unimproved water-power sites,

REDWOOD RIVER,

The Redwood hag the same general course as the Yellow Medicine, and drains pretty much the same character
oi country, but is somewhat larger. Its total length is about 70 miles, At the headwaters is lake Benton, given

‘on the land-office maps as about 5 miles Iong and from 1 to 1.5 mile wide. This lake serves to some extent to regulate
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the flow of the river in low seasons, and it is claimed that by building a dam its nsefuluess in this respect conld be
inereased. The volume of the river is small during severe winter weather, and there seems 1o reason to believe
that as regards regularity of flow it is very mueh superior to the Yellow Medieine, It is considered good uear its
mouth throughout the year for three ruus of stones under o head of 20 feet, and part of the time muceh more power can
beobtained. There are no important tributaries of the Redwood river, There are altogether sevenmills, all flouring-
and grist-mills, upon the river—one three-quarters of a mile from the mouth; three at Redwood falls, 2,5 miles
above the mouth; one at Marshall, a Iittle more than half-way up the river; another a few miles above; and the
last at Lynd, about 6 miles above Marshall.

The first mill on the river has two runs of stones, under a head of 20 feet.

Redwood falls—I1t is from these falls that the river gains ity chief interest as o water-power stream,  In secking
the level of the Minnesota valley the river falls 102 feet within a distance of less than a mile. Its channel runs
deep through solid granite, rising in vertical
cliffs many feet ahove the water, or sloping off
in steep earth-covered bluffs. Along the clifty
are the wild red cedars, which have probably
given the name to the river.

Big falls, with a vertical piteh of 25 feet,
and Little falls below, add much to the scenery
of this beautiful and unexpected gorge in the
prairie. The channel of the river is very wind-
ing, and advantage can Dbe taken of this in
developing the power.

The village of Redwood Talls, the county
seat of the county of that name, is situated
upon the right bank of the river, and has rail-
road connection with the Chicago and North-
western lines,

The upper mill has three runsg of stones,
working under a head of 20 feet. The pond
backs up-stream about 2 miles. The race is cut Redswood Falls power, on Rodwood river.
out of the granite, and the mill has been set
down into the rock. This granite is somewhat soft near the surface, and not difffieult to remove. The hridge, a
substantial structure, spans the river from cliff to cliff about 50 feet above the water, The second mill is situated
a short distance below the bridge, and uses two runs of stones, under a head of 20 feet, The pond backs up within
1or 2 feet of the lovel in the wheel-pis of the upper mill, The lower mill has a head of 10 feet, and employs two
runs of stones, Tho mill itself is situated on the bluff 100 feet above the river, and the power is transmitted to it
by wire rope.

Undeveloped power.—Botween the last two mills is an extensive bend in the river and aboul 65 feet of unutilized
fall. In this distance ave both of the falls mentioned above and a long stretch of rapids. At Big falls, which is
just below the middle mill, is the best power upon the river. Twenty years ago the government had a saw-mill
there for the Indian agency, but this is now in ruins, The late owner had intentions of improving the power, but
since his death nothing has been done. By eutting a race about 130 feet long across a small bend o head of 40 feet
can be obtained., If a tunnel were driven through the neck of land across the large bend, coming out below the
lower mill, a head of 75 feet could be gained, but this would of course interfore with the other powers. A dam
conld be thrown across the river at Little falls, flooding up on the rapids, and a head of 25 or 30 fect could be
obtained without interfering with the Big falls power. Itis easy to see that only a small portion of the power at
Redwood falls is now developed.

Redwood river above the falls—The three mills above are all flouring-mills, That at Lynd has a head of 22 feet
and uses 50 horse-power.  The other two use 34 and 18 horse-power, under heads of 11 and 12 feet, respectively.

There are several unimproved sites on the Redwood river in addition to those at Redwood falls. From below
the falls to the lowest mill on the river there are several locations. According to the statement of oue of the
millers, there are tio locations affording a head of 20 feet each, and two more of 15 feet each. The banks are high,
but consist of clay and gravel. The only unimproved powers of any importance between Redwood falls and Marshall
are these: Threo miles above the upper mill is a site where a fall of 20 feet is available, and 10 miles above the
mill is a locality where, in the winter of 188081, a dam was being construeted to give o head of 12 feet. About 20
miles above Redwood falls is a portion of the river with a rock bed, where a head of 10 feet can e obtained. So far
as could be learned these are the only unimproved powers of any importance below Marshall. An§ unimproved
powers above Lynd must necessarily be small, because of the reduced size of the river. :
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BIG COTTONWOOD RIVER.

This stream drains an area of nearly 1,000 square miles, and when swollen by melting snow or rain is of large
size, but in dry seasons or severe winters it is very much redoced, so that under a head of 10 feet not more than
three ruus of stoues can be used ab all times near the mouth; for a large part of the year, however, much more
power e¢an bo obtained. The bed and banks of theriver are of clay and gravel. There are, according to the consus
returns, only three mills upon the Big Cottonwood, and all are on the lower quarter of its course. They work
under & head of 10 feet, and use 12, 56, and 15 horse-power, respectively, All but one of them have two runs of
stones each; the exception is a mill at Iberia, which has only one run. There is a number of unimproved sites, One
was mentioned, 4 or 5 miles from the mouth, and another at the village of Burns, about 30 miles from the mouth,
By building a dam at that place, and carrying the water in & race across a neck of land, a head of 10 feet could
bo obtained. This would probably give power for two or three runs of stones.

BLUE BARTII RIVER.

The drainage system of the Blue Iaxth is rather peculiar. Two miles above the mouth the Le Sueur river
enters from the east, and 10 miles above the mouth the Watonwan carries into the Blue Tarth the drainage from
the western portion of the basin. The entire area is divided somewhat equally among these two tributaries of the
main river, The Maple and the Cobb rivers are the two streams which drain most of the Le Sueur basin, which
is largely within the tract of timber known as the Big Woods, and the soil rather sandy and light, while the
remainder of the Blue Ilarth basin has a heavier soil and has more of the prairie characteristies.

The Blue Barth above the junction with the Le Sueunr is slightly larger than the latter stream, and below the
Le Sueur averages 150 or 200 feet wide,

The Le Sueur averages about 70 feet wide and the Watonwan about 50 feet. As regards uniformity of flow
the Le Sueur stands fivst in the cntire Minnesota basin; it drains the wooded region and also several lakes and
swamps, The upper Blue Iarth and the Watonwan appear to be about average streams in this respect, not
perhaps 8o unsteady as the prairie streams westward.

The main river—The greatest amount of fall, and hence of available power, is between the mouths of the
Watonwan and Le Sucur vivers, where it averages 10 feet per mile. The Led and banks are largely lime rock,
and high bluffs border the river. Below the Le Sueur there is no fall of any importance. .Above the Watonwan
are o few unimproved powers, but most of the available power is in use. The banks of clay and gravel are there
high enough. to prevent flowage from the ponds. ‘

There is only one improved power between the Watonwan and the Le Sueur rivers, although on this portion
of the stream a head of 10 feet will furnish power for six runs of stones practically through the year, with only
oceasionally times when the power would be less.  Above the Watonwan about three ruvs of stones could be worked
profitably with a head of 10 feet,  There is only one improved power below the mouth of the Watonwan, that is at
Rapidan, where the Rapidan Mill Company has a flouring-mill with four runs of stones nnder o head of 10 feet. Thae
nextmill is about 20 miles above the month and hasg three runs of stones under a head of 8 feet.  Two miles above, ab
Vernon Centre, is an old mill with & head of G feet and two small runs of stones, About § miles above Vernon
Cenfre are the Champion mills with three rins of stones under a head of 6 feet. Tive miles sbove is a mill with three
runs of stones.under a head of 7 feet,  About the same distance above the last mill is one opposite Winnebago City
with a head of 10 feet and three rung of stones.  Above Winnebago City is a mill with two runs under a head of 6
feet, then a small mill of only one run, and, finally, 1 mile below Winnebago City, a mill of two runs under a head
of 6 feet, _

Le Suewr river.—~There is not so muoch fall in this stream as in the Blue Barth. The Maple and the Cobb
rivers, ity large tributaries, enter within 4 or § miles of the mouth. On the lower part of the river six runs of stones
san hoe profitably worked under o head of 10 foet throughout the year. In the latter part of 1880 the Red Jacket
mills were burned down, which were situated near the mouth of the river. They had four runs of stones under @
head of 9 feet, bub conld have obtained a head of 11 feet.

There is an old saw-mill, with a head of 8 feot, o few miles above the Cobb river, and that is the only mill upon
the stream, though there are some undeveloped powers.

Of the two chief tributaries of the Le Suear the Cobb river is small and unsteady and has no developed powers.
The Maple, likewise, is limited in power, The ouly mills of much importance are the Maple River mills, which
have three runs of stones and two wheels nnder a head of 14 feat, rated at about 60 horse-power. Steam is used
during low water. At Mapleton, near the head of the river, is a mill which takes the water from an artesian well
in addition to the flow of the river itself,

Watonwan river—This river is not so large as the Le Sueur, but stands next to the Blue Barth in importance
as regards improved power.  As regards uniformity of flow it has much the same general characteristics as the

‘Blue ISarth, and there are tines in which it is impossible to ron the mills; bot with a head of 10 feet it can be
depended upon to give power for three rung of stones ncarly all the year. The bed and banks are of clay and
gravel, and the banks ave high enough to restrict the ponds to the river-channel. '
19¢.

_—




AR g,
PN Rt

§ iom Ny,

3 iy ;anﬂﬂ[l /

Ahsnat |

I

eR— g an
t <§‘*”*‘“'- 2

)
by w,” Wisconn,
4 i

s

wamm
-

o

A-J\.

&

" Wents ‘ ,,‘,,l.r

Fopis
i INI{\\\ “ﬂ D
3

i
“‘\.

R numm n‘i‘ _,

W

L) ¢
hd B,
A\

<
W ¥
(%] fz
Wig
z o
2|1 e .
= | 3 P
A P gt

f Ry G "(ﬁ,\
NG
j oy 5,51
'“M:‘/\ﬁ*'""”'.@w \

ﬂupHA -

; 7 { o i },un.‘, J
huunvn,ﬂ’ﬁ:p ” ‘g:{‘v d

\,-»-,_

DRAINAGE BASIN

OF THE

..,
...... 1\ u
vll’l‘"‘"l" Maat / "-‘\3'?/(\" \\. % m \w“\ @
e e
,}'}4 r— mwr., %
a " J,/\Mf ';,( l‘urlwlml
o

ST. CROIX RIVER,

MinnesoTA AND WISCONSIN,

SOALE OF MILES
b U 10

v T i

T

207 AH.

e ——— et




THE MISSISSIPPI RIVER AND SOME OF ITS TRIBUTARIES, 75

There ave five mills upon the Watonwan, The first is 3 or 4 miles from the moutl, a three run mill with a head
of 8 feet, At Garden Oity, about 5 miles above the mouth of the river, are two mills, The lower one has three
runs of stones under a head of 7 feet, and the upper one three runs under a head of 8 feot,

At Watonwan, about 3 miley above, is & mill with one run of stones under a head of 7 feet, and the lagt mill
on the river is one at Medalia, some 10 miles above Watonwan, It las two runs under a head of 11 feet, There aro
a number of nnimproved powers,

Two miles above Garden City is a site where, by eonstrueting a low dam and runuing a race across o neck of
land, a head of 10 feet can be obtained. There ave, appavently, many places where it would he practicable to
throw a dam across the stream and obtain a moder 1t0 head of water,

TRIBUTARIES O THIZ MISSISSIPPL IN WISCONSIN,

A glzmce at the map shows that all the western and most of tho central portion of the state of Wisconsin
drain into the Mississippi, and that the prominent features of the system of drainage are three large streams—the
Saint Croix (partly belonging to Minnesota), tho Chippewa, and the Wisconsin, These aroe the largest three rivers
of the state, and on aceount of their geographical relations, and the general similarity in the topography of their
basing, and in their hydrology, they will bo discunssed in the order given, previously to considering the smaller
streams which enter the Mississippi from the west below 1he Minnesota viver,

They are similar in rising on the elevated ridge which separates the drainage of lake Superior from the wators
running to the gulf of Mexico, They all flow in the same general divection, a littlo west of south, across the Archean
base of tho continent, into the region of the sedimentary rocks. On this account, largely, the upper waters are
{ characterized by rapids, while the slope of their lower sections is more uniform, The sources are in wild regions of
' lakes, tumarack and cedar swamps, and sand vidges, The upper portions of their basing are covered with timber,
largely pine, which gradually disappears in passing south, until finally the hardwood also 14 limited to groves and
the lower portions ot their basing assume in part the characteristies of & prairie region.

The great indostry on each of these streans hag been lumbering, and their basing have yielded much wealth
‘ to the stato,
Because of the position of the Black River basin, wedged in between the Chippewa and the Wiseonsin, thot
stream has been included in its order of oceurrence.

! © SAINT CROIX RIVER.

This stream ranks with the Chippewa and the Wisconsin as being among the prominent tributaries at the
headwaters of the Mississippi. - The mouth is on the east side of the Mississippi, 557 miles from its source, and 29
miles below the city of Saint Paul. The source i in what is known as Uppur lIake Saint Croix, near vhe divide
which separates the dr mmgc of lake Superior from that of
the Mississippi, The river iy 168 miles long, and in the lower
{ three-quarters of ity course forms the boundary between
| Minnesota and Wisconsin, The drainage avea is 7,070 sguare
miles, the larger part lying within Wisconsin.

The two important tribntaries in Minnesota are the Kettle
river and the Snake river, draining about 1,000 square miles
each, In Wisconsin thereis onelarge tributary, the Nameca-
“gon, draining 1,025 square miles, and several others with
basins from 200 to 400 square miles in extent.

The Saint Croix flows almost exclusively in the Jumbering
region of the northwest, Being a wooded region, not as invit-
ing to settlers as the open prairie found along the Minnesota
river, the country is comparatively a wilderness; it is only in -

5

1 the southern portion of the basin that the land is much culti-
! vated.

: The Saint Paul and Duluth railroad runs north through
! the Lasin in Minnesota, and the Northern Wisconsin is partly

construncted from near the mouth of the river northeast toward
Bayfield, on the shore of lake Superior; but these roads have
done little as yet toward the settling of the country through
which they run.

Lumbering has been the one business of the entire vegion, but, at the present rate, the cutting of pine will cease
to be profitable in the course of from fifteen to twenty-five years. There are several towns upon the lower part of the

river, as Stillwater, Hastings, and Taylor’s Falls, which owe their prosperity in the past to the lumber trade and ,
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which are already too well established to be ruined by its d’ecliufs. ’l‘,uylor’s Falls is one of the oldest t(.)wn.,j in
Minnesota, having been settled in 1837; and Stillwater, 25 or 30 miles mrthe.r dOW{l the.rl‘ver, was settled n ‘1543.

Character of the soil and timber.—Although so largely woodland there is a wide dlﬂ"el:en'ce between different
sections of the Saint Croix basin; and this is due to the varying nature o'f the 80‘11. This is en‘tn'ely dritt, hut
differing in character. A large part of the basin is till, consisting largely o_f clay soil, and supporting a growt.h of
hardwood, interspersed with pine; but passing northeast through the basin, bounded on the west b),.r t}m river
itself is a tract of land 10 or 15 miles wide, extending almost to the shore of lake Superior, and conslstm.g oflm
light, sandy soil. On this is a worthless growth of pitchy pine, serul?-oqk, and poplar. H‘alf way up the‘m?'er, in
Wisconsin, the timber is chiefly hardwood, with perhaps one acre of pine t(? ten acres of other kinds of timber.
Above the Wood river ‘“the barrens” occupy all the lower portions of the tributaries on the cast side of the river,
but farther back, upon the headwaters of these tributaries and their b ‘unch_es, is found . 'aluub_le pine t.,im.ber,
interspersed with hardwood and inferior qualities of soft wood. On the west side of the Saint Croix there is littlo
pine timber until the region of the Snake and Kettle rivers is reached, On these streams and their tributaries
are valuable pine lands.

In the region east of the Kettle river and north of the Saint Croix there are indications that a great fire
occurred years ago. It is said that by digging up the soil coals can be found. No valuable pine is found, but the
land is covered-by a second growth of small pine, cedar, spruce, poplar, ote.

Flow of the streams.—The wooded character of the basin, the many lakes, and tamarack and cedar swamps, and
the light sandy nature of so much of the soil, are all favorable to a steady distribution of the flow of the streams.
The result is that the Saint Croix ranks with the Chippewa and the Wisconsin as being one of the three steadiest
tributaries of the Mississippi, omitting some minor branches at the extreme headwaters of the Mississippi. Its
ordinary low flow is about 0.37 cubie foot per second per square mile.

The sandy region, with the impervious substratuwm at the extreme upper waters of the river, especially, is very
marked in its action, There are scarcely any streams in it, and this is because the water immediately sinks below
the surface, reappearing in steady flowing springs along the rivers. Thus, the lake which gives rise to the Saint
Croix river, a sheet of water some 4 miles long by one-half mile wide, is fed by many springs coming out of its
banks, besides numbers bubbling through its bed.

Because the water gradually seeks the streams through the ground, they are very uniform in their tlow ; also,
as the loss from evaporation is small under these circumstances, the total {low for the year bears a high ratio to
the rainfall, " '

In the accompanying tables the average flow per square mile for the entive basin is used in culeulation for the
different sections. This, of course, can give only approximate results, as must be evident from the preceding
remarks regarding the topography, but time does not permit & more complete application of the ratios of flow for
different kinds of country deduced in treating of the entire Mississippi basin.  Itis nat probable that the results
obtained differ very greatly from the true amounts.

Table of fall, flow, ele., of the Saint Croix river. , .
b.ﬂ : P .
k=] 3 3 g TUEORETICAT,
T g B ° FLOW PER BECOND | TIORAE-POWER
32 & 3 k PABT STATION. UNDER 10 ¥EET
E‘:' é :a: % '?3 B HEAD,
Station. g2 g e g g : b :
5| Bl g | B BE |k i |k ;
sl el 15| 8 e | 5 | o | %
g 2 E & E &5 & ) o
2 % g £ 4 A% £ g% 5
e B b b
a A K & a 8 4 & <
Miles, | Miles, | Feet, | Foet. St wiles, §Cubio feet,|Qubicfeet) II P II. P
L O ROURON AU ST [ 1 PSR IO BRI SV o [eamrennan .
Above mouth of Eau Claire river.. 63 651 2 g 117 &7 04 53 100
Mouth of Eau Claive river......... 0 ‘G4 9 0 004 84 183 04 208
CopperMine rapids woveeevneennn oo b 366 135 200 163 430
Mouth of Namecagon river........{....... 88 100 102 1,451 6537 1,187 [iih} 1,847
Mouth of Tellow river...... 12 60 20 122 2, 084 7L 1,703 875 1,034
Albove mouth of Clam river... 12 02 29 144 2,428 508 1,986 1,019 2,259
Mouth of Clam river. ..o | 0 | g 284 | Lo | oz | on108 | 20
Above mouth of Kettle river ...... 113 7 3,040 1,197 2,408 1,279 2,827
l\ﬁrouth ot Keattle VO .ooaeee 0 73% 4,180 1,531 8, 880 1,938 3,841
. f“r‘“kf river.. G| 5007 | 1,88 | 4100 | 2,10 | 470
0% WOORFIVED oovoo o 61 & 5,261 § 1,098 | 4,320 | 2,217 | 4,000
100 6, 857 2,167 4, 701 9,458 5,485
120 0,202 2, 205 5,078 2, 604 8, 750
138 0, 051 2,572 5, 680 2,019 6, 451
151 7,801 2,700 5, 972 3,063 6,715
168 7,576 2, 800 6,107 3,178 7,030
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Table of tributaries of the Saint Croix viver,

& X THEORKTICAY
g VICHARTE PER L pownn un s
g 10 PRET HEAD,
g . 4
River. 8% g E E g k
Eg | 3 - T I
79 B e 33 8
= o o3 &L He &0
t A B9 E g¥ B
g g T : ? b
= R = - o <
Miles, [Sy. mls, Ou.faal.lau‘fccl. ILp | P,
Saint Croix above Eau Claire river .. 7 117 47 ue 63 109
Ban Cladre vIver .cv.oveeieainnivanns 25 107 40 88 45 101
Nameeagon Pivor ceeeve caevenasinens. 86 | 1,020 37 &38 430 45l
Yellow river........ R 650 810 115 254 130 287
Clam river.cooio... iy 410 164 40 176 487
Kottle river cove e iviiccrnn uren 0 | 1,008 404 504 458 | 1,014
R ITTE A ) 8 jiHid 847 00 404 809
Wood Hver c.e... ... 30 108 1R 187 70 156
BUNPIR0 1Iver civivviiiiiiiiiianen 80 202 108 280 13 ol
APPIETIVOr (eeatiiias viar v ey 1] 427 158 840 170 306
WHllow M0 i sireeiiermaeiraeas HH] R3H 01 201 103 28

Reservoir system—In connection with the “reservoir system?” for improving the navigation of the upper
Mississippi, Lk sites have been surveyed and found practicable for reservoirs within the Saint Groix basgin, The
estimated cost of their construetion is about $1430,000, and it is estimated that by means of them. an addition
of 2,600 e¢nbic feet poer second ean ba made to the low tlow of the river during 120 days of low stage. This would
ne'\rlv double the ordinary low-water diseharge of 2,800 cubic feet por seeond, and would have nearly as great an
effeet upon the water-powers as it has been shown \muld tako pld('c on the upper Mississippi above tho Minnesota
river by the introduction of the “reservoir svhlum” in that region.

Waterpowers of the basin~—According to the records of the United States engineers, the Iake whieh forms the
sonree of the Saint Croix is at an elevation of 1,010 feet above the sea,  This makes the total fall of the river to its
month 3dd feet, and the average slope 2.05 feet per mile, The hluptw of the tributarvies vary from 3 to 6 feet or
more per mile,  On aceount of these very considerabla slopes, there is mueh water-power in the Saint Croix basin
which will be utilized when farms and poepulation bring into that region a demand for manunfacturing,

The water-power sites are not Iimited to the subordinate streams.  On the Saint Oroix itself are numerouns
rapidy, and in the lower portion of the river, helow where the large hranches add their flow, are the Saint Croix
rapids, o fine site, where o fall of hetwoeen 30 and 40 feet awaits improvement.

There ave a few powers in ase upon the lower tributaries, especially on the Apple viver, but none upon the main
river, There are, however, between 60 and 70 dams within the basin, built for the purpose of flushing logs into the
main stream from the smaller ones,  In the driving season the gates ave openad and the logs float down upon the
full eurrent,  The frequent ocenrrence of these dams indicates the nndeveloped powers of the rivers.

The isolation of the upper portion of the river rendered all personsl examination there impracticable, and the
following brief deseription was obtained mainly from old lnmbermen familiar with the entive country,

TIHE MAIN RIVER.

Tor the fivst 23 miles, up to Stillwater, the river averages about halt a mile wide and the eurrent is slight.  The
upper portion of this expansion is called lake Saint Croix, At Stillwater the Dluffs rise steep on Doth sides to the
height of 150 or 200 feet.  About three-quarters of o mile above the town the lake ends and the river assumes its
normal width. The head of navigation is at Taylor’s falls, at the foot of Saint Oroix rapids, about 50 miles above
the mouth, The river mostly lows in a valley bounded by bluffy, with o flat on one side or the other.  As a genernl
thing it keeps close to the left or east Lluff, and the right bluff is from 1,000 to 8,000 feet distant, The rapids in the
river are generally over rock, while gr wel, clay, and sand form the bul in the stlll stretehes of its course,

From the outlet of upper lake Saint Croix down to the mouth of the Eau Claire, & distanee of 6.5 miles, there
is only o fall of 2 feet in the river. Trom thence to what is known ag the Big dam (logging dam), & distance of 8.5
miles, there is about 7 feet of fall. In the next 23 miles, to the mouth of the Namecagon river, there is a deseent
of 93 feef, or 4 feet per mile, and many rapids oceur, among which Copper Mine rapids may be mentioned.

Abow the mouth of the Namecagon the ordmfu'g low-flow power under a head of 10 feet is at least 150
theoretical horse-power,

The Namecagon is the second in extent of drainage arvea of all the tributaries, and when it enters the main
river it increases the powor of the latter, under a head of 10 feet, to 600 theoretical horse-posver, with the ordinary

low flow. 199
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Tn the 12 miles from the mouth of the Namecagon to the mouth of the Yellow river, the total fall is 20 fest.
Names have been given to three -apids within that distance, namely, Big Island rapids, State Line rapids, and
Bishop’s rapids. Iach of the first two iy described as affording fine opportunities for developing water-powers.
At Big Island rapids the river runs close to the Dbluils on the left Lank, but a dam would need to extend some
distanee across the flat ou the right.

Trrom the mouth of Yellow river down to the head of Kettle rapids, o distance of 21 miles, the average slope
" is 1.8 foot per wile, and the river is good for logging, there being no rapids of specinl importance, It is very
probable, however, that available water-power sites can be found in that section.

Kettle River rapids—~Tho Kettle River rapids are, next to the Saint Croix rapids, the most prominent on the
river. ‘They start 2.5 miles above the mouth of Iettle river, which enters {from the west, and end 1.5 mile below
it. In this length of 4 miles the total fall is 40 feet, of which 34 feet is above the mouth of Kettle river, Two islands.
from 1 milo to 2 miles long divide the river into two channels, The bed of the river is solid roek, and it is
practieable to Duild several dams. As to the best method of improving the power it is impossible to speak without
exumnination of the locality. Above the moath of the Kettle river » head o £ 10 feet would afford 1,280 thicoretical
horse-power, with the ordinary low flow; and below the entrance of the Kettle river 1,737 theoretical horse-power,
ander the same conditions of low, according to the estimates previously described. '

Above thie mouth of the Snake river, which enters 4.5 miles below the Kettle river, there is 11 feet of fall from
the foot of the rapids.

Below the river, down to Saint Croix rapids, there ave the following rapids, which have received names: The
Otter Slide, just below the mouth of the Snake, the ordinary low-water power of which, under & head ol 10 feet, is
2,140 theoretical horse-power; the Horse Race, 1 mile below; the Baltimore rapids, a mile below the mouth of the
Wood river, the ordinary low-water power of which, under a head of 10 feet, is 2,220 theoretical horse-power; the
Upper Big Roek rapids, about 1 mile below them; and the Yellow Pine rapids, about 3 miles above the mouth of
Sunrise river. The amount of fall at each of these rapids eannot be determined from the data at hand,

Baltimore rapids were described as offering advantages for development. Yellow Pine rapids are 2 miles long
and not very heavy. The total fall {rom the mouth of Snake river to Saint Croix rapids is 111 feet, and the average
slope is 2.64 feet por mile. This must afford opportunities to develop power with what will be o reasonable expense
at some time in the future. At the Iorse Race the river runs close to the eastern bluff, and it would bo necessary
to extend a dam some distance across the flat on the west bank if a high liead were utilized. Very probably the
same would he necessary at most sites along the river.

' Saint Croiz rapids—Thoe Saint Croix rapids offer fine opportunities for water-power, and were used ab one time,

but now the river flows unemployed. There is o total deseent of 65 feet in the 6 miles, which may be included
under the name of Saint Croix rapids. Several local names are indefinitely applied at different points. At the
foot are Taylor’s falls, about three-quarters of a mile above are Saint Croix falls, then Tuttle’s falls, ete.  Strictly
speaking there are no falls in the entire distance, only & more rapid decline in tho bed ab eertain places.

The village of Taylor’s Falls is situated in Minvesota, ab the foot of the rapids, about 50 miles above the mountl
of the river, at the head of navigation. Saint Croix Talls, a village of Wisconsin, is sitnated upon the slope
overlooking the river from that side, nearly opposite Taylor’s Falls,

Directly below the rapids the river enters the Dalles of the Saint Croix, where for half & mile or more it passes
between vertical cliffs of trap-rock with sharp edges and hold angles, Just above the entrance into the Dalles the
waterway is so contracted that when the river is igh the water forms a fall of nearly 5 feet beforo it can overcome
the resistance, but there is no very rapid descent there in low water. It is to this portion of the river that the
name of Taylor’s falls is given. Above thae Dalles the rock continues in the bed, and to a certain extent in the banks
of the river, but the valley spreads out considerably,

-On the Minnesots side the bank rises steep from the river for 30 or 40 feet ab the lower part of the rapidss.
baclk from this for saveral hundred feet is a nearly level plain, swampy in places, and bounding this ave the bludfs,
rising fully 100 feet higher. At the foot of the rapids the plain narrows and is logt in the Dalles,  On the Wisconsin
side, in the vieinily of Saint Croix falls, the slope is rather more uniform: up to the general level of the country.
At the enfrance into the Dalles the river is scarcely moro than 100 feet wide. At Saint Croix falls, three-quarters.
of a mile above Taylor’s falls, it is Letween 200 and 300 feet wide, the average width of the river in this part of its
course, _

The portion of the rapids known as Saint Croix {alls presents the most favorable site for improvement of the
power, and here & dam was once built and saw-mills were ran.  The bed is solid rock, and the banks rise abruptly
from the river on both sides. On the Minnesota side o large, high mass of trap-vock stands out in the channel,
and forms a natural abutment for a dam; on the Wisconsin side the rock bank rises to a considerable height above
the water in a rib, and baelk of it is a depression which leads to the slope upon which the village of Saint Croix
Talls is situated. The improvement, long sinee gone to ruin, consisted of a dam Luilt across the river at the point
deseribed, and & race blasted through the rock in the line of the depression on the Wiscousin side, and then carried
down the slope along the river front, giving a head of 25 or 30 feet, The dam was o very extensive structure,

raising the water to a height of 25 feet when in good condition, It was 300 feet long, 24 feet wide at the top, and
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only 60 feet wide at the base. Wedge-shaped log eribs were built in the stream with spaces between them; similar
cribs were built up-stream and floated down into theso spaces, until finally only the central space wag left open,
through which the river flowed. The two eribs on each side of this space were built with shoulders projecting
against the cuwrrent. TIinally a crib built accurately, with corresponding shoulders to fit into this space, was
floated down into place, and tho channel was closed. Tho crib-work was planked over. The dam was not cared
for, the planking and erib-work were p‘u'tlv destroyed, a portion being cut away to make o 1mbsag0 for logs, and
finally the whole dam was washed awa

The same natural facilitios oxigt lor developing 1his water-power ag formerly, but the intevests upon the two
sides of the river are owned by different persons, and there will be some difficulty in coming to an agreement. If
the dam were built so as to give a head of about 40 feet, which is practicable, a race could Lo carried down the
plain on the Minnesota side for a long distanco ag readily as on the Wisconsin shore. The pond would probably
back water 4 or § miles, and would not overtlow much land.

With the ordinary low flow the power under o head of 30 feet is 7,811 theoretical horse-power, and under a
head of 40 feet 10,415 theoretical horse-power. With tho yearly average flow it is 17,206 theoretical horse-power
under a head of 30 feet, and 23,021 theoretical horse-power under 40 feet.

There is about 5 feet of I‘.111 in the river from the site of {he dam to Taylm’s falls,  Ilere is an excellent site for
the constraction of a dam, which would searcely be more than 100 {eet long, but the vertical ¢liffs come close to the
river just below, leaving onlg room for a small steamboat landing, without space to erect extensive manufactories,

TRIBUTARIES O THIE SAINT CROIX RIVER.

As they are mainly in the almost uninhabited woods, very little information can be obtained about the water-
powers of tho tributarics of the Saint Croix. Nearly all of them arve known to have considerable descent, and
because of the wooded, swampy character of the land, as well as the sandy nature of much of the soil, they have,
in the main a very steady flow throughout the year.

As has been previously mentioned, the general average for the enilire bagin has been assumed for each
tributary, and hence in making the caleulations 037 foot per secord per square mile has been taken as the ordinary
low flow. That it may be over 0.40 of o cubic foot per second per mile for some of tho streams at the headwaters.
is probable, and then again it may fall below the average in the case of several streams tributary to the lower
portion of the river,

When the country is settled so ag to ereate a demand for water-power, the woods will o largely cleared away,
tho swamps drained, ete,, and this will tend to diminish tho steadiness of flow, so valuable o consideration in
questions of this kind, ’

The Namecagon, Kettle, and Snake rivers present tho largest powers, and as the Namecagon drains almost
entirely from the sandy region called “the barrens?”, it is probably one of the most steady rivers of the entire
gystem, The Kettlo and Snake rivers drain extensive regions of tnmnarack swamps and woods, which cannot fail to
have a great influence upon the flow.

NAMECAGON RIVER.

The United States engincers’ reports state that the average slope of the Namecagon is about 5 feet per mile,
and as the length is 76 or 100 miles, the total descent iw, according to this estimate, not far from 500 feet. Trom
the source down to Vezies, which is about 25 miles above the mouth, “the river is generally narrow and rapid,
stretelies of rapids over native trap-rock being frequent. There are also several vertical falls of from 2 to 4 feet.”
“Trom Vezies to the mouth the river is from 100 to 200 feet wide, and there are several sharp pitches and rapids,
the principal of which are Little and Big Ball rapids, and Dupee flats,”

The descent appears to be rather uniformly distributed, considering the entire river, There is a descont of 40
feet in tho first 12 miles above the mouth of the Totogatic, and in the first 6 or 10 miles above Vezies there is ab
least 30 feet of fall. The source of the Namecagon river is a lake somo 10 square miles or more in extent, having
the same name. The lumbermen have a dam affording a head of about 7 feet just below the outlet of the lake,
which floods the lake and stores sufficient water to “drive” for about three weeks, There is also & logging dam
below Little Pequayon (a), and one called the Hanscomb dam about 2 miles above the Ohippenazy creek.

Tho Totogatic is the largest tributary to the Namecagon, and Iying to the north of the main stream drains over
one-third of its entire basin, It enters the Namecagon about 5 miles from its mouth, The course is very winding,
and in it there is considerable inequality of slope. There are three dams upon the river, the lowest somo 12 or 15
miles below the souree, and in this distance there are some slight rapids. From the lower dam down to the montlx
of the Totogatic Ouse (Little Totogatic), & distance of 10 wiles, there are heavy rapids. In this section are the<
Upper and the Lower falls, 6 miles apart, with rapids between. Thme is a vertical pitch of 10 feet over ledges of
trap-rock at the Upper falls and at least 8 feet at the Lower falls. Below these is the Iorse Race. The United

a Pequayon is the Chippewa for “dead-water,”
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Btates engineers’ reports state that in this 10-mile section the river is entirely unnavigable for boats of any kind,
Below the mouth of the Totogatic Ouse the river is good for logging and not so vapid; there are rapids however,
-especially in the lower part of the distance. In the last 10 miles of the river the fall is 40 feet.

The other tributaries of the Nameeagon are all small, but have arapid descent,  Thus MeKenzies ereek, which
drains three lakes, has a fall of 33 feet in the last 2.5 miles, and the Chippenazy ereck is crowded with logging
«lams, indicating a rapid fall to the muin river.

KETTLI RIVER,

The Kettle river is described by the United States engineers as having “an average fdll of 6 or 8 feet per mile
-over sharp pitches and long stretches of rapids, The banks are high and precipitous and the valley is narrow”,
For 7 miles above the mouth there are rapids, and then about 10 miles of slack-water. Alove that, for some 14
miles, there aro alternately rapids and quiet water. Then there is a long stretch of rapid water, and near its upper
portion are Ilettle River falls, with a vertical pitch of 12 feet. TFrom these rapids up to the mounth of the Moosehorn
river, there is quiet water nearly all the way, and above that are more or less rapids, but the stream becomes
small and of little importance so far up. The Saint Paul and Duluth railroad crosses the river at a settlement
-called Kettle River, and the Northern Pacific railvoad crosses the headwaters,

* SNAKXE RIVER.

The Snake river is not as large as the Kettle river, but has a rapid descent in places. Trom the mouth up to
the Chengwatona dam, a distance of about 14 miles, the average slope is 11 feet per mile, and there are “almost
-continuons rapids over trap-rock ledges and bowlders”,

Just above Chengwatona dam is Cross lake, and a fex miles above, Pokegama lake, both flooded by the dam,
which is used for driving logs over the rapids below into the Saint Croix. Itis owned by persous in Saint Paul,
who chargea toll of 10 cents per 1,000 feet passing the gates. The head is from § to 9 feet, and at a cost estimated
to be #15,000 might be increased to 13 feet, This would flood up the river to Brunswick, a distance of 24 miles,

Above Brunswick the river is rather sluggish for 20 or 30 miles, but above that there are many rapids, ineluding
Snake River falls with a vertical piteh of 8 feet. The rapids in the river arve over solid rock or Lowlders, and the
banks are composed mainly of yellow clay ov of sand and gravel, The side streams are mostly narrow and rapid.
The Groundhouse, entering at Brunswicl, is the principal tributary, Upon it is o grist- and saw-mill, using abont
20 horse-power under a head of 6 feet. '

YELLOW RIVER. '

Tho Yellow river is a very steady stream, draining 310 square miles of the barrens,  Several lakes, notally
Yellow lake, near the mouth, tend to regulate the flow. The stage varies through the year only from 1.5 foot to
3.5 feet, according to the loeality. There are a number of rapids on the stream and many practicable water-power
sites are to Le found. Trom Yellow lake the rapids are described as almost continnons down to the mouth of the
river, & distance of 10 or 15 miles. There are four logging-dams upon the river, one flooding Yellow lake,

CLAM RIVER,

The Clam river, draining 416 square miles, is formed by two branches, the North fork and the South fork, which
unite at the head of Clam lake. At the foot of this lake is a dam which stores water sufficient to drive logs to the
mouth of the river. There aro rapids below the junction, and many opportunities for developing water-powers.
Above the junction, on both branches, there are rapids and dams used for logging. On the South fork are the
Clam falls, where there is a head of 15 feet, of which 6 or 8 feet has been used by a saw-mill.

APPLE RIVER,

The Apple river flows through a comparatively settled region and has several improved water-powers. A
large amount of lumber is still brought down from the upper waters, and there are a number of dams used for
driving, The area drained by the Apple river is 427 square miles. At 1ho headwaters arve ten lakes, one of them 6
miles long and from one-half to three-quarters of a mile wide, There are a large number of water-power sites
available. According to the statement of a person familiar with the river the first improved power is at Somerset,
A or G miles above the mouth of the river. There is at that point a flouring-mill and saw-mill with a head of 10 feet.
At dJewelton, some 15 or 20 miles up the river from the monuth, there are two flouring-mills and a saw-mill under &
hiead of 10 or 12 feet, and a fow miles above are a flouring- and saw-mill with about the same head of water, These
“are the only mills npon tie river. Between tho two last mentioned powers is & fine nnimproved power, but the
largest is at Apple River falls below Somerset. These falls have been a source of considerable expense to the

lumbermen in the effort to improve them for driving. By cutting a canal across a bend in the river a head of about
35 feot conld be obtained,
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SMALLIR TRIBUTARIES.

The Sunrise river, Willow river, Wood river, ete., have mills upon them, but it is evident from their number
that the resources of these streams for small powers are not exhausted, The only power used on the Sunrise is at
Sunrise City, a few miles above the mouth. There are two flouring-mills under heads of 9 and 12 feet, respectively,
and a saw-mill under a head of 12 fect.

According to the census returns, there are two small flouring-mills and two saw-mills on {he Wood river, and
ono flouring-mill on the Trade river, a little stream which enters below,

The Willow river, which flows into the Saint Croix near its mouth, is the most extensively improved of all the
streams of the basin, Upon it are five flouring-mills and one saw-mill,  One of the flouring-mills uses 195 horse-
power under a head of 16 feet, and another 150 horse-power under a head of 12 feet®

CINIPPLEWA RIVIIR.

The Chippews river extends southwest across Wisconsin, from the border of Michigan to the Mississippi at the
foot of lake I’epin,  The river hay its utmost sonrces on the divide separating the drainage of the great lakes from
that of the gull of Mexico, and after flowing 165 miley enters the east side of the Mississippi, 611 miles below its
gsource. The 9,573 square miles of territory drained by the Chippewa ig situated chiefly in the wild, unsettled
vegion of northern Wisconsin, and resembles the Saint Oroix basin in being o great lnmbering region. Millions of
feet of pine are cut every year and sent down the stream, either to be manufactured by mills situated on tho river,
«or else rafted to points on the Mississippi below the mouth of tha Chippewsy, and there mado into lumber,

Ay with other lumbering vivers, the pine of the Chippewa vegion iy fust being cut away, and the camps ave
now located far up toward the headwaters of the stream,  Tho settled portion of the basin proper is tho southwestern
end, where the wooded region gives place to the prairie which extends west to tho Roeky mountaing, The only
railroads are tho Chicago, Saint Panl and Minueapolis, crossing the river at liau Claire, about 50 miles from the
moutl, and the Wisconsin Central, which hag two branches, one passing northward across the sources of the river
to Ashland on lake Saperior, the other passing west to the Chippewn viver at Chippewa Talls, about 10 miles above
Tinu Clairve, where it conneets with the flest-wentioned road.  Fau Claire and Chippoews IFalls arve the most prominent
towns of that region, and have owed their prosperity in the past to the lumber trade,

The settled portion of the basin does not extend very far above Chippewn Falls,  Bast and north the country
is covered with timber of varions kinds, inceluding pine.  Tho soil is the drift, consisting of elay, sand, and gravel,
In some places ‘arenaceous soil predominates.  There is no marked distinetion, sueh ay is found in the sandy
“harrens? of the Saint Croix region.  Thoe faet of the growth of pine indicates o lighter soil than the sliff clay of
the prairie, and it is probable that sand and clay veeur irregularly associated throughout the basin,

The wooded region consists very largely-of tamarnek and cedar swamps, and in them are found large amounts
of peat, Interspersed throughout thiy region are many lakes, apon which the growth of vegetation has not yet
made suflleient advances to convert them into swamps. The country i level ov rolling, Toward the south tho
streams have eat deep into the deift, bat northward, aboub the sonrees, they are small and have not yet worn their
way mueh below the surface, :

System: of drainage~-The muin line of drainage rung very nearly along the central lino of the basin, but the
naume of the river is not given to this continuation of the prineipal stream. The stream divides 112 miles above the
mouth; one branch, the prolongation of the line of drainage, rises in the extremo Jakes on the border hetween
Wisconsin and Michigan, and is ealled the Ilambeaun river; the other flows more direetly from the north and
receives the name of the Chippewa,  The Flambean drains 1,083 square miles, while the main stream above the
. junction drains only 1,777 square miles, About 56 miles above the Flambeau the Ohippewn again divides into the
West and Bast branches, the one flowing from the north, the other from thoe northeast, and draining, respectively,
480 and 278 square miles, The chief tributavies, in the order of their ocenrrence, are the West and Iiast branches,
the Courte Oreille, the Tlambeau, the Jump, Yellow, Ilau Claire, tho Menomonee, and Iian Sale rivers. The
Menomonee flows nearly south, and enters the main stream about 23 miles from its month, It drains 1,957 square
miles, and on aceount of its peeuliar position & large part of the drainage of the Chippewa river does not reach that
strewm until near its entranco into the Mississippi.

Fall of the streums—~At Clippewa crossing, where the Wisconsin Central railroad crosses the East branch, the
water surface is 1,509 feet above sea-level, and as the mouth of the viver is 660 feet above the sea there must bo
nearly 900 feet of total fall in the river, or about 4.5 fech per mile.  From the junction of the two branches down to
the mouth the total fall is 621 feet, and the average slope 3.76 feet per mile, This is a heavy fall, and causes many
rapids in the course of the river. The tributaries likewise abound in rapids, but from the scar sity of elevations
obtainable for them and the main stream I can only state the existenco of a great deal of rapid water. These
rapids give rise to a large amount of water-power which will be available when the country is settied and the wanty
of the population are to be met, but ab present these powers are wasted, with the exception of one on the maiu
river at Chippewa Talls, yet to be deseribed, and a few improved sites on some of the lower tributaries. There is

very little prospect of the rapids being improved at the upper waters of the basin for many a year to :ome.
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Fiow.~The comparatively nniform surface of the country, and its covering of timber, together with the lakes
and swamps, tend to prevent the rapid escape of the water into the streams, and maintain the Chippewa, even in
ordinary low flow, at an average of about (.37 cubie foot per second per square mile. For the same reasons as in
the case of the Saint Croix, the average for the entire basin has been used throughout in estimating the discharge
of the tributaries, although more or less difference must exist between them in their ratios of flow. Streams like
the Flambeau or the Courte Oreille, which drain many lakes and swamps, are in all probability more steady in
their flow than the Thornapple and Yellow rivers, with their long, narrow basing, or tho streams coming from the
less wooded region in the southern end of the bhasin,

Talle of distances, flow, ete., of the Chippewa,
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Reservoir system and logging-dams~—Surveys have been made by the United States engineers for reservoir sites,
and eleven have been selected upon the headwaters and one on the main stream at Paint creek, 4 miles below the
mouth of Yellow river. Their total cost will be about $355,000, and it is estimated that by means of them 2,300
cubie feeb per second can be added to the flow of the river for 90 days during the summer and fall. This would
raige the ordinary low-water discharge of summer from about 3,500 to 6,300 cubic feet per second.

There are many dams upon the Chippewa and its branches for logging purposes, the same as in the case of the
Saint Croix, but there are some upon the lower portion of the river much larger than any to be found on the latter
stream. The three principal dams are the Dells dam, near Eau Claire, the Paint Creek dam, about 2 miles above
Chippewa Falls, and the Little Falls dam, on the main stream some 4 miles below the mouth of the Jump river.

There is also a dam at Chippewa Falls, giving a water-power at that place.
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The Dells dam is thoe first one above the mouth of the river. The foundation is a fairly hard quality of
sandstone. The construetion is of square-timber eribs built up in erib-work, The dam is about 600 feet long and 19
feet high, 8 feet wide at the top, and with a base of about 8 feet. The slope on the upper side is about 8 to 1, and on
the lower side 1 to 1. Both faces are planked over. The dam floods o large area, expanding ihe river to the
dimensions of a lake,-and when seen in 1he early snammer of 1831 this was covered with logs as close as they conld
float for at least & mile in length and one-thixd or one-half a mile in width, The lower timbers of the erib-work are
bolted to the rock by means of drift-holts driven into holes which were previously filled with pine ping (the same
method as was used in the dams at Minneapolis), and the different conrses of the cribs are bolted to each other.
At the oot of the lower face sleepers ave bolted to the lower courses of timber and project down stream 20 feet.
On them is an 8ineh covering of squared timbers to protect the bed from the plunge of the water. On the left
bank are the sluice- and raft-slides, and on the right isa
small {lume leading to Half-Moon lake. Splash.hoards
are placed along the crest when necessary,

This dam was built by Mr. II. H, Douglass, agent ot
the Minneapolis Mill Company, and in this manner:
During low water a coffer-dam was built ont from the left
bank and the sluice constructed, then another coffer-dam,
and the dam Duilt out townrd the right bank; finally a
coffer-dam was constructed from the right bank, and all
the flow of theriver turned through the newly-constructed
sluice, and the dam built out from the right bank to meet
the finished portion,

The Paint Oreek dam is on the granite bed of thoeriver,
and, according to the United States engineers’ report, iy
526 feet long, with o erest 10,5 feet above low water,
There is a rolling-dam 360 feet Tong, and in the center a
rollway for logs about 100 feet long.,  There is also n
Inmber-glide 23 feet wide, The slope of the rear face is
1% to 1, and of the front face 1 to 1.

The Littlo Falls dam is 625 fect long, with 267 feet
width of slnjce-way, and the height of the slnice-way
above the flooring is 21 feet.

The dams and the resulting reservoirs, controlled by
tho lumbermen, exert a very noticeable effect upon the
flow of the river. The water is stored wp till required,
and then tho gates ave raised and the logs are sent down upon a flush of water, This causes an clement of
uncertainty in the flow, especially in the upper portion of the river, which would cause difficulty at times if
manufactories were erected using the full flow; but nothing of that kind exists now, and the decline of the lnmber
interests will probably keep pace with the advance of manufacturing, If the existing veservoirs were managed:
solely with o view to steadying tho flow of the viver they would exert an important cffect.

Toint Crock daw, Chippova river, Wisconain,

RAPIDS ON THE MAIN STREAM.

As Leforo stated, little can be ascertained regarding the falls except from the reports of surveys by the United
States engineers at the sources, Boats can ascend the river to ILiau Claive, and there is no rapid in the stream
below the Dells dam. *Below the mouth of the Ian Claire the maximum slope is 2.3 feet per mile, but only for a
short distance, the mean slope being 1,64 foot per mile” In its natural state there were two rapids in the river
betwoeen Tau Claire and Chippewsa falls—one 1,25 mile above the Xan Claire, where the Dells dam is now situated,
called the Tower Dalles, with 10.5 feet of full in a little over £ miles; the other about 4 miles below Chippewa falls,
called the Upper Dalles, with 9 feet of fall in about 10,000 feet, '

The next rapid is Chippewa falls, yobt to be deseribed, From OChippews falls there are rapids or swift water
distribated all along-the river to the sources, and {those familiar with the stream claim that the character of the
bed and banks is sueh as to make it practicable to develop powers at a great many points.  In the United States
engineers’ reports 1he statement is made that, from the mouth of Courte Oreille river down to the Big bend, the
Chippewa has a swift current throughout the entire distance and no rapids of any consequence. The fact of the
building of the Paint Creek and Liftle Falls dams indieates the existence of available power betaeen Chippewa
fnlls and the junetion of the two Lranches of theriver.  Onthese branches the surveys of the United States engineers
prove the presence of many rapids, Thus theve is o fall of 43 feet in the last 2,75 miles of the Iiast braneh, At the
head of these rapids is Little Chief lake, and from this lake up to Bear lake, o distance of about 15 miles, there is
a rise in the viver of 110 feet. The heaviest rapids in this distance ave Cedar rapids, 54 feet in about 3 miles, and
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Snaptail rapids, with a fall of 45 fect in about 1.5 mile, From Bear lake up to Chippewa crossing, where the
Wisconsin Central railroad c¢rosses the river, a distance of some 15 or 20 miles, the total rise is about 76 feet. Tho
river at thoe crossing is near the divide which separates it from the Bad river, flowing into lake Superior, and is a
‘ small stream, from 25 to 40 feet wide. The West branch does not appear to be so rapid. Trom the junction to the
mouth of Little Chief river the rise is only 7 feet in 5 or 6 miles. Above that is a succession of rapids and still
reaches to Partridge Cross lnke, the rise heing 97 feet in 20 or 25 miles,  Above the lake the river is sluggish to its
source. This smaller slope of the West than of the Hast branch might be assumed from a knowledge of the general
slope of the country, as the Lake Superior divide falls in passing from cast to west. Assuming 0.37 eubie (oot per
second per square mile ag the ordinary low flow, the theoretical power of the West branch under a head of 10 feet at
the mouth is 200 horse-power, and of the IZast branch 120 horse-power. These are probably low estimates.

Power at the dams.—There are many powers immnediately available at the dams which already exist, and were
there any demand for them these powers would probably soon be used. The Dells dam is directly on the ling of
railroad; 16 feet of water is available at the dam, and there are rapids for several hundred feet below., With the
ordinary low flow under a head of 16 feet the total power is not 1éss than 3,800 theoretical horse-power, and with the
average yearly flow it is over 8,500 theoretical horse-power.

At the Paint Creele dam the theoretical power nuder a hiead of 10 feet is 2,260 horse-power with the ordinary low
flow, and with the average flow 5,660 horse-power,

At the Little Iells dam under a head of 10 feet the theoretical power with the two conditions of flow is,
respectively, 1,930 and 4,340 horse-power.

. ¢rist MV
Map of the Chippewn 'alls wator-poser, Chippewa river,

CHIPPEWA FALLS—TIIE ONLY UTILIZED POWER.

1t is said that there was at one time a mill at Chippewa City, o fow miles above the month of Yellow river, but.
now the only power in use on the main river is at Chippews falls, There the river, when in its natural state, rushed
down over greaf masses of solid granite. Wow a dam is built across the main ehannel from the left bank to a rocky
island, then runs down that and across the smaller ehanuel to the right bank, The town of Chippewa Falls is
situated on the right or west bank of the river, extending down stream from the dam. Built along the face of the
damover the small channel is a large saw.mill, and on the eastern shorve, at the extremity of the main dam, is a flouring-
mill, These are the only establishments using the power,

There was formerly a Lridge crossing the river just Lelow the island, but it was carried away during the
unusnally high water of June, 1880, Tho total fall from above the dam down to the lower bridge is about 28 feet,
of which 16 {eet is at the dam, and when in a high stage, the river rushes down white with foam over the rocks.
below the dam. On the west side the shore takes a wide sweep inland, just below the saw-mill, forming a quiet
bay, and there Duncan creek enters the river. The saw-mill is one of the largest in ‘Wisconsin j there are three
or four gang-saws and as many “rotaries ”, besides the necessary machinery for trimming the lumber and working
the waste Into laths and shingles. As many as 1,700 logs are sawed per day, giving about 450,000 feet (board
measure) of Jumber, At the foot of the building men are busy making rafts out of the lumber, which iy floated out
into the river, and so down-stream. The space in the west channel above the mill is used as a pocket in which the

logs are held ready for use, There are in all seventeen wheels in use in the saw-mill, but the machinist does not
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rank any of them as (irst-class wheels, some being the old-fashioned tlutter-wheels ; and the result is that much
power is wasted. According to the census returns the total power used by the mill is 1,084 horse-power. The-
wheels work under a head of 14 feet, taking 7,440 “inches” of water, Considerable head of water is lost in the
distance from the main pond down to the mill, as there is a strong current in the pocket, even when the water is
falling over the crest of tho dam near the mill, showing that it is not due to the wheels drawing off the water.

There is no difficulty experienced from backwater when Duncan ereek is high, and ordinary high water on the:
river does not stop the wheels. Thoe grist-mill at the end of the main dam uses 124 horse-power under o head of 12.
feet, Mence there is only 1,208 horse-power in use where at least 3,600 horse-power is available with the ordinary
low flow under o head of 16 feet., This bears out the statement made by the machinist of the saw-mill, that at a.
low stage of the river fully double the flow was available that was in use.

Utilized power at Chippewa falls.—The total fall from the quiet water above the danm down to the foot of the-
rapidsis stated tobe 28 feet. This wduld give, with the ordinary low flow, 6,300 theoretical herse-power, and with the-
average yearly flow, 15,500 theoretical horse-power. The power actually in use is only 1,208 horse-power, but there
is great waste in the method of taking it. Iven allowing an efliciency of only 50 per cent. for the wheels, there
must be at least 3,300 theoretical horse-power unemployed at Chippewa falls daring ordinary low water, This.
cannot be very woll used directly at the dam. On account of Duncan’s ereel entering the river, the relation of the-
streets of the town, and the location of the saw-mills, there is not a very good opportunity for development on
the right banlk of the river, but on the left bank the situation appears much more favorable, so far as can be judged.
from a brief inspection. The true bank of the river is at an average distance of perhaps 100 feet from the water in.
ordinary stages, and extends down-stream nearly on the level of the top of the dam, Between this bank aund the
river is o mass of rock, while the banlk itself is earth covering the solid rock, down which a canal could be extended,.
supplying mills. ‘

Pogsibly in excavating the canal it would be found necessary to do some blasting in the rock, A short distance-
below the dam is the abutment of the bridge which was earried away in the freshet of 1880, and if this is rebuilt,.
some changes would be necessary in case of the construction of a canal.  The railroad runs along the east bank of’
the river, and side-tracks conld readily be carvied down to manunfactories along the canal.

TRIBUTARIES OF THE CHIPPEWA RIVER,

The Flambean and the Menomoneo ave the largest two, the first draining 1,983 and the second 1,057 square
miles. Tho next stream in extent of drainage area is the Eaun Claire, with 899 square miles; then the Jump river,
with 721 square miles; the Yellow river, with 458 square miles, ete. The West and Bast branches, draining’
respectively 480 and 278 square miles, have been already alluded to.

Like tho two branches just mentioned, the tributaries have many rapids affording available sites, but there are-
fow of thiem improved.

On the upper waters of the north fork of the Flambeau, from the crossing of the Wisconsin Central railroad up-
to Rest lake, a distanco of about 75 miles, there is a rise of 126 feet, and 85 feot of this oceurs, in the first 21 miles. .
There are several falls upon the Flambeau and its tributaries which have been considered of sufficient importance:
by the lumbermen to receive names.

The Jumyp river, as its name indicates, is a rapid stream, and so are the Yellow river and a number of smaller-
tributaries entering the Ohippewa in that region. Their valleys are, however, mostly narrow, subject to rapid
drainage, and the streams aro not so steady in their flow as several of tho other tributaries.

The Courte Oreille river draing an area of only 176 square miles, but its source is in a large lake of the same
name, some 6 miles long by about 1 mile wido, and Grindstono lake, of nearly the same aren, is tributary to it.
These toud to regulate its flow, The river iy sluggish in its first 3 miles, but in the remaining 12 or 15 miles to the-
Chippewa it is a suceession of vapids and still water, including Courte Oreille falls. A reservoir site has been.
surveyed at the foot of the lake.

At Cadott, upon the Yellow river, some 10 or 12 miles from its mouth, are a flouring-mill using 20 horse-power-
under a head of 14 feet, a saw-mill, and & hub- and spoke-factory.

EAU OLAIRE RIVER.

The Menomonee and the Eau Clairve rivers are controlled by the lumbermen. A lumber company, with the
Lead offico at Eau Claire, has a number of dams on the Eau Olaire xiver, some of them close to each other, and this
company has to a slight extent used the water-power under its control. The lowest dam is situated in the town of’
Ean Claire, and there the company has a flonring-mill on the left bank, using about 150 horse-power under o head
of 8 foot. There are four runs of stones, and two sets of double rollers. On the right bank is a saw-mill using:
steam-power, but there is associated with it a small machine-shop run by water-power, and under the control of the-

company. The only other power used on the river is at one of the company’s dams above, where it has a saw-milk
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with a capacity for using 500 horse-power under a head of 12 feet. Tlis is stated to Le the capacity of the stream
in low water. Assuming an ordinary low flow of 0.37 cubie loot per second per square mile, the theoretical horse-
power at the mouth would be about 450 horse-power under a head of 12 feet.

MENOMONER RIVER.

The Menomonee, called the Red Cedar on some of the maps, but now generally known by its old Indian name,
Menomonee, has some twenty-five logging dams upon it. It rises in several lakes a few miles south of Lac Courto
Oreille and the Nameeagon river of ihe Saiut Croix basin, and has alveady been described as draining nearly all
the southwestern portion of the Chippews basin,

The use of the great number of flushing-dams on the river renders its flow uncertain, and it is considered that
when the lumber interests have declined the rviver will be mueh more desirable for water-power and will be more
extensively used than ot present. The river verges upon the prairie region, in its lowest part at least, and hence
there is more prospect of the early development of its water-power than in the case of the Flambeau.

According to the census returns there are three flouring-mills on the Menomonee, one using 250 horse-power

under a head of 11 feet, another 40 horse-power under a head of 10 feet, and the third 20 horse-power under a head
of 16 feet. There arve also three saw-mills wsing 1,000, 400, and 63 horse-power under heads of 11, 18, and 12 feet,
respectively. There iy also & foundery and machine-shop using 36 horse-pewer under a head of 11 feet. The large
saw-will and ilouring-mill are situated at the town of Menomoncee, whicl: is 2 miles south of the railroad crossing,
and some 15 or 20 miles above the month of the river,

There are many small streams in the southern part of the Chippewa basin which are already utilized by mills
of various kinds, as, for example, the Aux Galle, Dunecan’s creek, which enters at Chippewa Falls, is 30 or 40 feet

wide, and is fed by springs which make it very steady in flow, exeept when swollen by surface water. The maclinist

of the saw-mill at Chippewa Falls said that with a head of 12 feet it wonld furnish 85 horse-power ab the lowest stage,
and he would prefer it to a steam-engine of equal power. It is probable that there are many such spring brooks
feeding the Chippewa which can furnish moderalo powers of great constancy when required.

The census returns eredit Duncan’s ereek with three flouring-mills of 152, 100, and 60 horse-power, under heads
of 20, 10, and 12 feet, respectively; one saw-mill using 50 horse-power under a head of 12 feet; and two sash- and
door-fuctories, cach using 24 horse-power under a head of 9 and 10 feet, respectively.

DBLACK RIVIER.

The Black river is much smaller than those streams that woe have just been considering, but from its position and
general features may be properly classed with them, Its drainage Dasin of 2,272 square miles is long and narrow,
wedged in between the Wisconsin on the east and the Chippewsn on the west. In one place where the Ian Claire
branch of the Chippewa, and the Toplar river, o stream of the Wisconsin basin, approach each other, the basin of tho
Blaclk is searcely more than 3 miles in width ; it widens out above, however,.to some 10 miles or more across. The
general direction of thoe river is southiwest, with a gradual bend from south to west, and it enters the Mississippi
‘about 650 miles frowm its source, after a course of 128 miles. The mouth is about 10 miles above the city of La Crosse,
‘Wisconsin,

The drainage-basin partakes, of course, of the same general character possessed by the basins on cach side of
it, The southern portion of the pine region crosses the basin between 60 and 80 miles from the mouth of the river,
and all the upper half is pretty much covered with timber, Along the lower portion of the river the country has
more of the open nature characteristic of the lower part of the Chippewa basin, The soil there is heavier, containing
more clay, but in the pine region there are sand ridges, These are sometimes replaced by a heavier clay soil, asis
the case in the neighborhood of Neillsville, 83 miles from the mouth of the river. The rich goil there makes excellent
farming land, grows fine hardwood timber, and the transition to the sand ridges lying east is very apparent.
The surface of the basin is either lovel or rolling,

Lumbering has been the great business along the river, and for 17 years the uverage yearly cuthasbeen 140,000,000
board feet. All the fine pine now standing is on the upper waters, and it is considered that it will not last much
over five years longer, but there is a vast amount of inferior timber yet to be taken. Poplar wood occurs in large

- quantities. v

All the country about the lower portion of the river is pretty well settled and under cultivation. The principal
towns are Black River Falls, about 60 miles from the mouth, and Neillsville, which is a short distance back from
the stream, and abont 85 miles above its mouth.

The two railroads crossing the basin arve the Chicago, Saint Paul and Minneapolis, which crosses the Chippewa
at au Claire, and the Black river at Black River Talls; and the Green Bay and Minnesota railroad, which crosses the
Black river about 11 miles above Black River Falls. There is a branch from this latter road running to Neillsville,

There are a fow lakes at the upper waters, but the basin is not very well supplied with these natural reservoirs,

and if it were not wooded and largely covered with o porous soil its streams would Dbe very unsteady, especially
208 :
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on account of its long, narrow form. As it is, the Black river has the reputation of rising and falling rather rapidly,
but it maintains its flow fairly daring low water.

There are a number of logging-dams on the river, and if these were controlled in the interests of water-power
they would aid very materially in regulating the flow. This can probably be done in the future it the demand for
power be suflicient. The low water, as with the other rivers of the region, is usnally for about a month, in July and
August and during severe winters. At an average section of the bed the ordinary rise is about 6 feet, and a rise
0f 18 feet is & very unusual one.

Between Black River Falls and Neillsville the channel is from 150 to 250 or 300 feet wide during a fair stage
of water. The source is stated in the Geological Ieport of Wisconsin to Do between 1,300 and 1,400 feet above
the sea, and hence the total fall of the river must be about’ 750 feet, or over 4.5 feet per mile. The slope is less
below Black River I"alls than above, and at that place i3 the last appearance of the hard metamorphic rock in the
river. Below it flows through the sandstone region, while above it is deseribed as being “constantly broken by
chutes and rapids over gneiss and granite”, Owing to the form of the basin the flow must diminish rapidly towurd
the souree, and hence also the power for a given fall. At the mouth the avea tributary to the viver is 2,272 square
miles ; at Black River I'alls it is 1,509 square miles, and at Neillsville, only 26 miles above, it is only 729 square miles.

There are no tributaries of special importance, as might boe inferred from the shape of the basin, The largest
ig the Last fork, which enters the river about half-way between Neillsville and Black River Ialls, and drains 305
square miles in tho eastern projeetion of the basin; all the other side streams fall far short of this in extent of
rainage avea, The tributaries of the Black river aro characterized by many rapids and moderate falls, and thero
are some small flouring- and saw-mills upon them,

POWERS ON TIHE MAIN STREAM,

Somo years ago thore were several saw-milly ran Ly the power of the Black river, but there was a lack of
capital to construct booms, cte., suflicient to withstand the freshets on the river, and the mills have been nearly all
abandoned.

There are only three points on the river at which power is utilized at present. These are Black River falls,
Greenwood (some 15 miles above Neilleville), and o point 4 miles above Greenwood. At Greenwood and the privilege
above thero are, according to the census returns, a grist-mill wsing 85 horse-power under a head of 17 feet, a saw-
mill using 48 horse-power under o head of 17 feet, and o small saw-mill using 15 horse-power under a head of 12 feet,

BLACK RIVER FALLS.

At Black River fulls there are very heavy rapids for a short distance over havd granite rock, At the right
hand of the wain channel, which is about 150 feet wide, is a small island, and at its head is a low dam, extending
across the main channel, and turning the water to the manufnctories situated on the island snd right-hand shore,
These are o flouring-mill of 150 horse-power, a saw-mill of 150 hovse-power, and a sash and door factory of 75 horse-
power, all running under a head of 10 feet, Theso are all owned by one person, who has the right to 2,500 *inches®
of water ut all seagons, and 5,000 “inches” when the river is at a stage of 1 foot above low water, The remaining
power belongs to another owner, but is entirely unemployed. There is room for utilizing the full power of the
stream, but the head cannot be increased by raising the dam, ag it would flood up on streams where there are
wills, There is, however, considerable fall unimproved below the dam, From the angles in the rock, and its
compact, hard nature, it seems probable that valuable granite quarries could be opened at Black River falls, very
near the railrond,

Unemployed power—So far as could be ascertained, there is no practically available power found on the river
above the mouth, until within a mile of Black River falls, where 9 feet of fall could be obtained,

The next place is 2 miles above Black River falls, where 10, 15, or even 20 feet of head is available, according
to the height of dam built.  From there up to the Dells dam, 14 or 15 miles above, there is s heavy fall, and available
bower at a great many localities, The Dells dam is used for logging purposes.

Trom the dam up to 3 miles below Neillsville, a distance of about 6 miles, there is no available power, but
above that, up to the source, there is a rapid slope in the stream and mueh available power,

At the rapids in the Black river the bed and banks are nsually of granite rock, and the situations are many
and excellent for utilizing the power.

WISCONSIN RIVIER,

The Wisconsin river has the largest drainage area of all the vivers of the stale of Wisconsing and in the sense
that the Minnesota is the river of Minnesota, so can this viver claim the title of the river of Wisconsin, The
inhabitants of the region frequently dab it “the Old Wisconse”,

The river rises in Lac Vieux Desert, a sheet of water some 10 square miles in extent, lying directly on the ling
separating the upper peninsula of Michigan from Wisconsin, and after a course of about 400 milgs, enters tho
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Mississippi just below Prairie du Chien, and 40 miles above the southern boundary of the state. The general
course of the river is nearly directly south for about 300 miles, to Portage City, and then it turns sharply, and flows
west and southwest for the remainder of the distance to its mouth,

Description of the basin—The drainage basin of 12,280 square miles has an average wilth of about 50 miles, and
iy 225 miles long. The river tlows, for the most part, in the castern half of the basin, and below the bend at Portage
it follows within about 10 miles of its southern edge. At Portage the line of water-shed, if it can be said to exist
there at all, passes within a mile cast of the river, & peculiarity to be referred to farther on.

The long and narrow basin of this river extends in a south-southwest direction nearly across the state, and
illustrates, more fully than either the Chippewa or Saint Croix basins, the main topographical features already
diseussed when treating of those rivers. There is the same wooded (pine) region, extending from Michigan down to
within about 40 miles by river of Portage (,ilay- below that the pine disappears, and a semi-prairie region gradually
takes the place of the woods, the same as in the Chippewa and Saint Croix basins, The country is undulating, and
in places deecided ridges break the surface. In the southern part of the basin the Baraboo ranges of quartzite pass
east and west, from 400 to 700 feet above the surrounding country, and form a striking feature of the scenery. The
bluffs along the lower river, especially on the sonth side, rise several hundred feet, forming prominent ramparts to
the valley, Back from theso the countiy is lovel or undulating,

In the northern portion of the basin are many lakes and tamarack swamps, like those which characterize the
lheadwaters of the Chippewa, being in fact but a continunation of the same system; and all the way down to Portage
thore is more or less swamp land bebween the ridges. The soil in the lower portion of the basin i heavier,
containing more clay than in the pine regions, where a light, rich loam supports the heaviest growth of pine; and
whera in some places sand is o chief constituent of the ridges.

The lower half of the basin is pretty well settled, and the advanee posts are rapidly passing up into the rcgmn
to the north.  Lumbering has been the ehief business on the river, but the center of the lumber interests is moving
up-stream toward the headwaters, and, as with the other rivers, the good pine is fast disappearing. The principal
towns on the river above I'ortage ave Grand Rapids, about 90 miles above, then Stevens Point, 20 miles farther up,
then Wausau, 45 miles above Stevens Point, and finally Jenny, about 20 miles above Wansau, All these towns
have saw-mills, and owe their existence to the lnmber trade. The lower ones are gradually drawing other hranches
of industry within their limits, and are becoming centers of trade for the surrounding population ; but those further
up the river, as Jenny and Wausaun, have yet to pass from the first stage in their history,

Numerous railroads eross the lower half of the basin, belonging ehiefly o the Chicago, Milwaukee and Saint
Paul, and tho Ohicago and Northwestern companies. The Wisconsin Central has its line to Saint Paul, crossing
the river at Stevens Point, and tho Greon Bay and Minnesota railroad crosses the river at Grand Rapids, striking
the Mississippi ab La Crosse ; and, finally, there is the Wisconsin Valley railroad, which, starting from the Chicago,
Milwankee and Saint Paul at Tomal, Tuns north, crossing the river at Knowlton, about 20 miles above Stevens
Point, and then running along its east side to Jenny, the present terminug of the line. About ¢ miles above
Kuowlton it passes by Mosinee, o Immbering town., These railvoads in the lower part of the pine regions are now
used very extensively for shipping lnmber, and the statement was made that probably not more than one raft passes
down to Portage now, for twenty that used to pass down the river in former years. This deerease is not duoe to a
decline in the lTumber trade, but to the change in the method of transfer, »

Geology of the river.—like all the large rivers of the state, the Wisconsin heads in the high drift region underlaid by
the primitive Archioean base of the continent, and flows south over suceessive strata of sedimentary rock to the mouth,
This has Ted toits division into two sections. The upper one is the Archwan region, in which in many places the bed

is worn through the drift and down to the hard metamorphic rock, which, presenting a barrier to further erosion,
causes numerous rapids.  This seetion ends at Point Basse, about 8 miles below Grand Rapids, whexre the last onterop
of granite is found in the bed of the stream. Then begins the second section, in which the river has found a more
ywldmg material into which to eut its bed. This is largely the Old I’otqa‘tm sandstone, and the disintegration of
this has made the bed of the river one succession of shifting sand-bars, almost without interruption, to its mouth.
‘Where it is near the surface in the surrounding country, the soil is very light, and even sterile in places.-

For a distance of 7.5 miles, ending at Kilbourne City, which is about 21 miles above Portage, the river flows
throngh what are known as the Dalles of tho Wisconsin, Like the Dalles of the Saint Croix, they consist of a
narrow gorge through which the river passes, but instead of rocky eliffs of trap, the walls have been carved out
ot the Potsdam sandstones 50 or 100 feet high, evidently by tho river itself. Above the Dalles the river is over o
third of a mile wide, but it immediately narrows down to 200 feet, which is its average width through them, In
one place it is ouly 50 or 60 feet wide. The softer character of ‘some of the sandstone layers has caused unequal
erosion, and some very singular and picturesque forms have been given to the cliffs, making the Dalles o great resort
for tonmsts and pleasare parties.

From a short distance below Tortage, down to the mouth, the river valley is characterized by bluffs, which
gradually increase in height, until near the foob of the river they have the full height of those bordering the
Mississippi trough. They often rise on the south side 800 or 350 feet above the valley, nearly vertical. They are
formed by the projecting edge of the Lower Magnesian limestone, which, acting as a high barrier, bas forced the

river to flow westward until it found a passage in the deep trough of the Mississippi.
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Mention bas been made of the Baraboo ranges, which cousist of two ridges of quartzite extending east and.
west in the section of conntry west of Portage. They are from 4 to 6 wiles apart, about 25 miles long, and wnite in
an abrupt headland in the bend of the Wiscousin opposite Tort age, where they end. Between them is a depressed
aren, It is apparent that the bend of the viver to the eastward and then west, is due to the effort to find a passage
aronnd this roek barrfer. Above Portage the river has leen found fully large enough to account for its valley,
while below it is mueh like {lie Minnesota river, lost to a certain extent in the big trough through which it flows,
The reasons for this peculiarity, as obtained from the Geelogical Report ()j Wisconsin have been briefly given in
treating of the Fox River basin, and ave these:

Change in the drainage system~The line of water-shied on the cast side of the river at Portago can scm‘oc]y be
said to exist; o low sandy plain not more than 2 miles wide, and. only elevated a few feet above thie viver, is all
that separates it from the npper Fox, which flows northeast, uniting with the Wolf »iver, and then ﬂowing north
to lake Michigaun,

At places this plain is highest nearest the Wisconsin, and in high water the overflow of the Wisconsin causes
freshets on the upper TFox. It is evident that such an uncertain divide as this cannot have formed one of the
original permanent features of the drainage of the region, but as the disposition of the surface soil is due to glacial
action, modified, it is true, by subsequent erosion and transportation, this may be fairly attributed to such a cause..
The rampart of lmestone whieh compels the lower Wisconsin to flow west, does not stop south of Iortage, but
continues east and north, although less prominent, forming an eastern barrier to the flow of the Wolf viver, The
course of the upper Fox to lake Winnebago is sluggish, congisting largely of marsh and lakelike expansions. On
account of the depression of the divide at Portage, tho continuation of {he southern barrier northeast, the smatl
slope of the upper Fox, the large trough of the Wisconsin below Tortage, which it is nnable to oceupy, while above
the river is more nearly in proportion to ity channel of drainage, and flnally the evidently modern ouwtlet for the:
Wolf aud the upper Fox through the lower fox river—tho conclusion is reasonable, if not inevitable, that at one
time the lake Winnebago wystem drained southwest into the Mississippi, and the Wolf river was the trae
continnation of the Wisconsin above Portage, while the pregent upper Wisconsin was merely a tributary of the
main stream, During the chianges incident to the deposition of the drift, the chanvel was choled up, and partly
owing to this, perhaps also due to a change in clevation, as suggested by General Gu IG Warren, the drainage was
directed to lake Michigan,

The records loft on the face of the munhy alford an intevesting insight into the past history of that tributary
streamn which now forms tho upper portion of the Wisconsin river, It has heen mentioned that it is deflected to
the cast by the Baraboo range, passing avound the sustern outpost at Portage, There is o deep gorge cutting
south through the ranges, entering the Wisconsin valloy near Sauk City, some 25 miles below Portage. This has
been largely filled with driff, and two immense heaps damup the gorge, forming Devils lake, with its wild, romauntie
seenery. It is thought that thiy gorge was at one time the channet of the viver, hut being choked with the material
carxied down by the glaciers, the river was deflected and compelled to seek a new channel around the ridge.

Talble of (7£s!(cvz(«cs, Jhney etey of the Wiseonsin,
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Tributaries of the Wisconsin,

: s v [PEOUECAL ot
g BIECONIN FEET BRAD,
N g = p e i e, S
River. gfé g g 4 ; k
. 25 @ s = s =
- & [%83 £p ok )
Loos] D [ =1
T k- = g Ew g
& 8 = " ? £
| ) 3 - 3 4
Miles, | Nq. ALY Ches Jeel. | Cu. feet. ] IL P, I, P,
Polican viver ceecvverneeens 24 202 102 243 115 270
Tomnhowk river..eesceea.. il 714 278 LIRS 315 763
Ribvdver covenennnns PR Ot} 408 104 462 220 iR}
Bau Claivo river ,.eeiaiaaaen 50 433 165 353 187 435
Eaa Dleine 11ver.ceves veaas. 0 a7 W7 450 167 w7
Tollow Biver.coveevernsruen. 70 vig 309 878 419 9908
Eoeménwelr rlver, . oa.nae, . [ 588 RRi] 640 200 619
Daraboo viver. cooveinsivens 70 ! ({354 253 608 288 690
Liekapoo viver civeceieanss T %0 200 720 HR[Y 800

Hydrography—Qwing to the form of the basin and to the course which the river takes through i, there ave
no very large tributarics. Thoe dreainage Dhasin is pretty well distributed among the different branches, and the
drainage falls into the stream quite regularly in proportion to its length from north to south. The principal
exception to this is in the case of the Yellow river, the largest tributary, which makes soma 60 miles of southing
DLefore it reaches the Wisconsin,  Tha principal branches from the souree down arve the Tomaliawk, or Little
Wisconsin of some maps, with 7L square miles drainage area; the Rib river, 408 square miles; the XEau Claire,
and Bau Pleine, cach dvaining less than the Rib viver; the Yellow river, 946 square miles; the Baraboo, 655 square
miles, and the Kickapoo, T00 square wmiles. :

Flow.—Tho wooded eharacter of all the upper portion of the buasin, the swamps and lakes, and the porouns
nature of 80 muech of the soil, all act, as in the case of the Saint Croix.and the Chippews, to maintain the How of
the river during dry and cold seasons, and make the Wisconsin one of the steadiest, if not the most uniform, in flow
of all the large tributaries of the uwpper Mississippl,  As nearly as can bo ascertained from gaugings and from
comparison, the average ordinary low flow is 0.39 cubie foot per second per square mile, an amonnt greater thay in
tho ease of the sources of the Mississippi; bub it must e remembered that the rainfall per year averages abont 35
inches. '

In caleulating the flow ab various points for the scecompunying tables, the average factors for the entire basin
have been used throughout, although some of the tributaries undoubtedly have & more uniform flow than others,
The river is ¢onsidered o steady stream by those using its water-power.  The ordinary vise at Jenny is about 6 fect,
above low water, and at Grand Rapids o vise of 8 or 10 feet above low water is considered very high,

~ Burveys have been made at the sourees for veservoivs,  Tho basin doss not appear to afford so many available
holding-grounds as those previously discussed, and it is not thought that any will be found on the main stream
below the mouth of the Tomahawk, Above that there have been eight surveyed, which can bo developed at 2 cost
of about 8200,000, and it is estimated that they would add a diseharge of 2,300 cubic feet per second for ninety
days daring the summer to the low diseharge of the river, which is about 5,000 cabie tfeet per second,

It is perhups proper to wmention in this connection the system of navigation from lake Michigan to the
Migsissippi by means of Green bay and the Fox river to Portage, and then down the Wisconsin to the Mississippi.
This has been deseribed in the report on the Fox viver, and will not be dwelt upon now further than to state that
practically it is of no use except for loeal trade on the lake Michigan side of the divide. The extremely unstable
nature of the bed of the lower Wisconsin renders it a most diflicult engineering feat to maintain a navigablo channel,

" which has not yeb been neecemplished, and probably will not be enforced without great expense, 1t was proposed
by General Warren to leave the river entively and construet o canal along its valley to the Mississippi.  On the lnke
Michigan side the echaracter of the streams admits of the comparatively casy maintenanee of a navigable eourse,

Fall of the main viver~Lae Vieus Desert is near the high divide separating the lake Superior drainage from
that flowing south, and at an altitudoe of 1,532 feet above the sea.  The mouth of the river is about 600 feet above
sea-level, and henee in its course, estimated to be 107 wiles, it falls 932 feet, an average of 2,20 feet per mile, The
<clevation of the river at Kilbourne City, at the foot of the Dalles, is 814 feet above the sea; henee, in the distance
of 140 miles to the mouth, the total fall is 21 feet, or 153 foot per mile, Below Portage it is 1.5 foot per wile, as
1;scel‘tuinud by General Warren’s survey, Above Kilbourne City the total fall is 718 feet in a distance estimated
£o be 267 miles, or 2,60 feet per mile,  Above Grand Rapids the total fall is, approximately, 530 feet in & distance
of 200 miles, and the average slope is 2,65 feet per wile,

About 10 miles helow Grand Rapids is Point Basse, which marks the southern limit of the Archwan section of

the river, and in this distance are heavy vapids, It is evident, then, that the most rapid part of the river is in the
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Archwean section, and lhiere, with one exception, are the available waterpowers, Above Wausan the slope is 2.4
feet per mile, but between Grand Rapids and Waunsan it averages about 3.12 feet per mile; and it is in this distance
of about 66 miles that the bulk of the available power is sitnated. Although there are numerous rapids available
above Wausau, one very extensive one is yet to bo mentioned.

The bed of the river is rock ab the rapids, but at intermediate places it is largely made up of sand, gravel, and
bowlders. The situations are fine for the development of water-powers, and the existing dams do not tiood any
considerable extent of land, These dams ave the ordivary log construetions known ag “spar-Qang .

The-amounnt of information obtained regarding the extent of the rapids of the Wisconsin is limited. According
to the rveports of the United States engineers there are some rapids ab the mouth of Tagle river, about 24 miles
below Lae Vieux Desert, called Otter rapids, It is proposed to build a dam at the head of these rapids, ereating a
reservoir, and it is said that ¥ the water can easily he raised 22 feet”.  From thie head of the rapids down to about
& mile above the mouth of Pelican river, a distance of about 35 miles, the total fall is stated in the above veport to
be only 67 feet, or about 1.63 foot per mile; but those familiar with the viver state that there are numerous small
rapids and much available water-power down to near Jenny, where the heavy rapids begin,  Thao entrance of tho
Tomahawk river inereasces the tributary area from 1,397 to 2,111 square wiles, and adds very materially to the
volume of the main stream,

In the section from 15 miles above Joenny down to Doint Bassoe there are seven prineipal rapids, namely,
Grandfather Bull rapids, Big Bull rapids at Wausar, Little Bull rapids at Mosinee, Stevens Point rapids, Conant's
rapids (just below the last place), Grand Ropids, and Whitney’s rapids at aud above Loint Basso,  Some of these are
very heavy, Grandfather Bull rapids, which are 15 miles above Jenny, are the heaviest rapids of the Wiseonsin,
the total fall being 105 feet in o distance of 1 mile. The river is about SO0 feet in width, and divided at the head
of the rapids into three chanuels by two rocky islands, which rise 10 or 16 feet above the water and extend some
distance down stream, Thoe bed and the banky of the river consist of varvieties of gravitic rock., The descent i
Jargely distributed in small falls from 2 to 7 feet and {rom 150 to 300 feeb apart.

There are two small rapids 6 and 12 miles, respeetively, above Grandfather Bull rapids, and at Jeony ave
Beaulivux's rapids, now improved, Below are Trap rapids and then Wansaw, The seetion 25 miles long from
Wausau to lnowlton, below Mosinee, has an average descent of about & feet per mile, and the greater part of the
fall is concentreated in Big Bull rapids,  From Knowlton down to Stevens DPoint the total fall is 39 feet in 20 miles,
In the 20 miles from Stevens Point to Grand Rapids the total descent is 64 feot, or 3.2 feet per mile, and this
ineludes Conant’s rapids, which are said to have a fall of some 30 feet in 2 or 3 miles.  Tfor the last 15 miles above
Point Busse thers is o long series of rapids with intervening reaclies of quict water, The amount of deseent in this
distance is not known. These rapids, included in the Archman region, are over hard metamorphic rock, wlich
farnishes excellent foundations for dams and other structures.

Improved poeers.—There are in all six improved powers on the Wisconsin, all between Jenny and Point Basse,
in the order given below, A personal vigit was made to Jenny, Stevens Pointy, and Grand Rapids; for the other
rapids between these places information wag obtained by interview:

' Jenny,—The fivst is at Jenny, where on the lelt bank is o gaw-mill, using 260 horse-power, and on the right:
bank a grist-milly nsing 50 horse-power, hoth nnder a head of 11 feet,

T au.suu.-——At, Wansau there are o number of rocky islands, composed of syenitic granite, between which the
water vushes in heavy rapids, forming Big Bull rapids. The dams cross to the islands, aud a head of 12 or 13 feet is
used.  There are threo saw- -mills, each with four civenlar saws, a gang-saw, and o planing-mill attached, There is
also a grist-mill with four runs of stones.  Fho total power used i3 about 500 horge-power.

Mosinee~At Little Bull vapids the viver i divided into two channels by o voeky island, about o quarter o' a
mile wide, The main portion of the river passes through the eastern channel, which is stated to be only 35 feet
wide for a distance of 135 feet., 'Lhe rock is syenite. The water is carried down the island in a race, and sapplies
o saw-mill, a planing-nill, @ grist-mill of two or throe rung, and o swall tannery, ander a head of about 12 feet. The
total power used is nbont 200 horse-power.

Stevens Poind—At Stevens Point the river is aboutz GO0 feet wide, whiel iy above the average. The dam
extends all the way across the channcl, and the mills are on the left bank, They comprise a saw-mill directly at
the dam, and a grist-mill adjoining; also a flouring-milly about 200 feet back from the river-bank. The head used
is 6 feet atb all the mills, ‘

Tho power originally belonged to a person connected with the saw-mill,  He sold 4,000 “inches” of water to
the flouring-mill, but still retains the remaining flow of the river, The saw-mill has three wheels, using altogether
3,700 “inches? of water; the grist-mill has two wheels, with a combined capacity for 1,500 ¢inches”; and the 4,000
“inehes” owned by the fouring mill deive three runs of stones and two sets of rollers,  The total flow disposed of is,
consequently, 9,200 ¢inehes,”  The owner of the unemployed power congiders that only about one-third of the lovw-
water flow of the viver is in use. According to the method of estimating discharge, 9,200 inches under a head of ¢
feet gives a flow of 1,250 cubic feet per second, Adopting the ordinary low flow of 0.39 cubic fect per second per

square mile. for the area above Stevens Point, gives a volume of flow of 1,970 cubie feet per secorel.
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The bed and banks of the river are solid rock, consisting chiefly of gneiss, There are rapids below the dam,
and probably at least 2 feet of additional fall is available down to the railroad bridge, which crosses the river some
1,500 feet below.  Bach bank is flat, and apparently in excellent condition for extending a race down it. TIive or
six feet is o very high rise in the pond, bub this is a wide place in the viver. A side-track from the railroad passes
near the mills on ity way to the steam saw-mills, a third of a mile up-stream,

Just below Stevens Point begin Conant’s rapids. They are unimproved, but afford many good sites to be
developed,  As before mentioned, there is a reported fall of about 30 feet in a distance of 2 or 3 miles. The rock
consists chiefly of varieties of gneiss and syenite. .

Grand Rapids.—The town of Grand Rapids is situated on the left or east banls, and Centralia is directly opposite.
Tho rapids extend about half a mile below, and for about 3 miles up-stream there is more or Tess rapid water, but
the main rapids ave at the towns. There, for a distance of about a mile, from the Green Bay and Minnesota Railroad
bridge down to the highway bridge between the two towns, the rviver spreads out to a width of about 1,000 fect,
and rushes down between rocky islands and spurs of gneiss rock, with an estimated total fall of 25 feet. All the
power used is on the Centralia side of the river, whoere there are a flouring-mill, a saw-mill, and a shingle-mill.  In
former years, when Grand Rapids was in the center of the lumber trade, there were mills on the east side of the
river, and the ruing of an old race, a saw-milly, and one or two other buildings yet remain.

This power on the Grand Rapids bank could be onee more improved., The bank is rocky, and rises stesper
than on the other side, but would not prevent the utilization of the power. On the west or Centralia side there is
a good level bank, and the full resonrees of the place could be improved, At present there is only about 300 horse-
power in use, of which the flouring-mill takes 150 horse-power under a head of 11 feet, the saw-nill 100 horse-power
under the same head, and the shingle-mill 50 horse-power under a head of 8 feet, The donring-mill ay six runs ot
stones and several sets of rollers, The wheat and corn are obtained chiefly from Minnesota and Lowa.

It has been proposed to build a paper-mill at Centralia, and undonbtedly if this is done a pulp-mill would form
part of the establishment. There are great quantities of poplar wood growing along the Wisconsin and its
tributaries which wounld be of value to the paper manufacture.

Tho river above the ruilroad bridge consists of several channels, and of these it is the one furthest west which
supplies the water-power at Centralia, This power is .owned by the proprietor of the mill at that place, and it is
claimed that about one-half the ordinary discharge of the river passes throngh this west channel.  This would give,
according to our estimates, an ordinary low flow of 1,043 cnbie feet per second, which under & head of 25 feet
gives 2,960 theorotical horse-power,

Port Bdwards—The next and last improved power on the river is at Port Edwards, about half way between
Grand Rapids and Point Basse., Mentioun has already been made of the succession of rapids and slack-water in
that loeality ; and there is, undoubtedly, a great amount of power available in addition to the small amount used
by the one saw-mill there, which takes 500 horse-power under 10 feet head of water.

At Point Basse is the limit of the region of rapids, and the river enters upon the lower section, where it flows
over soffer sedimentary rocks, So far as could be ascertained, there is no really available site for water-power in
the ¢ntire distance down to the month, with the exception of the Dalles, :

Water-power at Kilbourne City.—Xilbourne City is at the lower extremity of the Dalles of the Wisconsin, and
at this point there is an available power, which was at one time in use, the nearest to the mouth of all the water-
powers on the river.

Seven or eight huudred feet below the Chicago, Milwaukee and Saint Paul Railroad bridge the river takes a
bend to the easf, and emerges from the Dalles, which there consist of cliffs of light-yellow and gray sandstone
from 30 to 50 feet high, The channel of the river is 400 or 450 feet wide at the bond.

A few rods above the bend are the remnants of an old dam, over which the water rushes in strong rapids, a
favorite resort of thé Indians, who at the proper season come long distances to spear sturgeon for their winter's
food. .

The history of this old dam is as follows: Aboub 1857 a charter was obtained for the crection of & dam at this
point, with a height of 3 feet above low water. It was erected with a height of 8 feet. Subsequently part of it
was washed oub and was afterward rebuilt, The rafts were badly broken up in passing over the dam, and finally
a large party of lumbermen came down-stream in force, and by cutting and blasting suceeeded in tearing away all
the dam down 1o low-water mark. About 1866 the dam wuas rebuilt with the 3-foot head allowed by the charter,
and a flonring-mill erected on tho east bank of the river directly at the abutment of the dam. This was burnt by
incendiaries, and since then nothing has been done with the power. The greatest opposition was from the Yellow
River Tumbermen; their rafts had no dams to pass except this one, and hence were not so well provided with
spring-poles, ete., as thoso from farther up the river; consequently, they were very liable to be destroyed.

Since the introduction of railroads most of the lumber is shipped by them, and so few rafts pass down the river
that it is thought little objection would he now raised to the utilization of the water-power, The sitaation is
excellent as regards facilities for transportation, because of the vicinity of the railvoad.

Although the original head allowed by charter was ouly 8 feet, it is probable that little ohjection woull now be
made to misiug the dam so as to give a head of 8 feet or even more, whicl is possible, as the 1aising of the dam
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would merely back the water up the Dalles. The dam as it now exists conld be made the foundation for a new one.
By building a bulkhead at the cast end, where the wheels of the old will were placed, it is probable that the 3-foot
head could e restored with a cost of from $1,000 to $2,000.

The dam was so substantially built as almost to defy the efforts of the lumbermen to destroy it.  The following
description was given of its construction: Tirst, a erib of oak timber, dovetailed together, 80 feet wide at the base,
10 feet high on the lower side, and only 2 feet or so high on the upper side, was built across the river ou the i ice,
steadied with poles, and then sunk with stones into its place. Then on the crib were laid oak trees in rows with
their branches on, the butts pointing down-stream. There were two or three lengths of these in the course, tho
butts of one length resting on the branches of the other. The course was then weighted with stone, cross-timbers -
were placed across the rows of butts, and the process was repented.

The chief disady autmu of tho loeality is the limited space for utilizing the power. Ilowever, the sandstone
clitt conld be cut away, as was done for the old mill, and arace could bo carried along it. This would be expensive,
and would only be wi u‘ anted, it at all, by the erection of large establishmouts, Iart of the power could he now
used with comparatively little expense, from the site of the old mill,

TRIBUTARILES OIF TIIIE WISCONSIN.

There is considerable power utilized on the branches of the Wiseonsin, especially in the southern portion of the
basin, where the Baraboo and the ICickapoo, with nnmerous smaller streams, supply power to a large number of
wills, The water-shed line is 200 or 300 feet above the main stream oweach sidey and as the tributaries have to
fall this distanee within their comparatively short lengths, they have many rapids and available powers,

The larger tributaries, as measured on the Land Office maps, average 50 or 60-miles in length, and hence have
an averagoe {ull por mile of 4 feet or more.  As with the upper portion of the main river, many of' the rapids are
over the hard granites and allied rocks which underly that region. The streams in the upper portion of the basin
have no developed powers.

TOMAIIAWE RIVER

Reservoir surveys have been made on the Tomahawk, and their records make mention of a rapid 1,500 fect
above the mouth, where the river falls 19 feet in the course of & mile, and of another rapid 10 miles from the mouth,
with w fall of 75 feet in 450 teet. The curvent of the river is usually swift,

Among the rivers which have been at least partially improved, the Baraboo ranks first, with, according to the
censnuy rvmrns, 851 utilized horse-power, and next the Ilickapoo, with 567 horse-power,

The Lemonweir river has 186 horse-power in use, the Ban Olaire river 120 horse- -power, and -the Rib river and

- Little Bib river togother are eredited with 266 horvse-power.

YELLOW RIVER.

The Yellow river has 96 horse-power developed, but there are several small tributaries which have more
water-power in acbual use. The Yellow river has the greater part of its descent in its upper seetion, where, like
the upper Wisconsin, it flows over the metamorphic rock; near its mouth it runs across sandstono strata and is
rather sluggisli. There is a vast amount of undeveloped water-power on the stream,

LEMONWIIR RIVER.

The Lemonvweir hos three flouring-mills, using 50, 34, and 20 horse-power, respectively, under heads of from
b to 8 feet; and two saw-mills, with 57 and 25 horso-power, and hieads of 6 and § feet, respectively, The source of
the riveris a swampy, level region of light soil, with meadow and brush growth, and the stream is OOl)bldel’Ld rather
steadier in its flow than the Yellow river. ,

BARABOO RIVER.

The Baraboo is prominent among the water-power streams of the Wisconsin Lasin, It rises at an elevation of
nearly 1,200 feet, and in the distance of 70 or 80 miles to its mouth falls 400 feet, or about 5.3 feet per mile. The
rapid descent gives opportunity for a large number of available powers, and as the stream flows through a sefitled
region, these are extensively used. The Baraboo strilkes the northern one of the two eas ward-trending quartzite

unges, called the Baraboo ranges, penetrates it, and, after flowing in the intervening valley for 15 wmiles, once
more passes through the northern ridge, and then enters the plain of the Wisconsin valley near l’ortage. The
hard vock encountered caunses many rapids.

The number of establishments using the power of the Baraboo is large, comprising 11 flouring-mills, using 580
horse-power, § saw-mills, using 123 horse-power, and 5 miscellaneous establishments, such as machine-shops,

furniture fuctories, cte., using 148 horse- 1)ower.
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The largest power used by one establishment is 168 horse-power nuder a head of 10 feet, dviving the machinery
of a flouring-mill. The highest head used is 22 feet, and the average is from 10 to 12 feet. A fall of 10 feet on the
lower part of the river glves about 200 available horse-power.

ICIOKAPOO RIVER.

The Kickapoo river is the last trilutary of any considerable size entering the Wisconsin, There iy a large
amount of fall in its course, and, as in the case of the Baraboo, the power is extensively utiliz d. Next to the
Yellow river it draing the largest area of all the branches of the main river, There are 8 flonring- and grist mills
“apon the river, using 224 horse-power, and 11 saw-mills, using 343 horse-power. The head of water used does not
average so high ag on the Baraboo, being only about 8 feet, while the gleate&t head recorded is 12 feet, “There
are 1o other industries taking the power of the ICickapoo river.

THE CANNON, ZUMBRO, ROOT, UPPER IOWA, AND TURKEY RIVERS.

Because of their general similarity, the three great rivers of Wisconsin have just been discussed in sueeession,
and now, going 1ack to the west side of the Mississippi, where wo left it ab the mouth of the Minnesota, the firsg
stream to engage our aftention is the Cannon river,

A glance at the map will show that the important streams entering the Mississippi in Minnesota helow the
Minnesota river are, in order, the Cannon, the Zumbro, and the Root rivers, and, continning into Lowa, {he upper
Towa and Turkey rivers, which last euters the Mississippi below the Wisconsin, about half way between it and tho
state line separating Illinois and Wisconsin,

Below the Turkey river, in Towa, are the Maguoketn and the Wapsipinicon, which ave veported upon by M,
Dwight Porter, special agent of the census.

The discussion of the five rivers mentioned at the heading of this section will complete the report on the
tributaries of the Mississippi down to the southern limit of the state of Wisconsin, and because of the many
characteristics which these five streams possess in common, a general description will apply to all their basins,
with a statement afterward of such special details as are available,

GENERAL DESCRIPTION OF THE RIVERS AND TIEIR BASINS.

The scetion of land under consideration is a strip averaging 50 or 60 miles wide, and 150 miles long, extending
along the west bank of the Mississippi from the southern line of water-shed of the Minnesota River basin down to
the limits of the Maquoketa and Wapsipinicon River basins in Towa, Of the five rivers which, for the most part,
rarry its drainage to the Mississippi, the most northern one, the Cannon, has o general northeast direction; the
southern one, the Turkey, has o southeast course, while the remaining three, the Zumbro, the Root, and the upper

Towa, flow almost directly east. The drainage area is quite uniformly distributed bvtwven them, as showu by the
following figures:
Syuare miles,

COnNON PIVEL vrvcne v e acamr cene sanamecans eemes e it siinuemnr s e ivemes wmeeasacrs anae raas Ceunn 1, 402
B Te T 1 O SO 1, G0Y
Zumbro TIVO0ree e s cvanveus . e m Rk hen emamaseaneaa amn nnonn . e mat mmeniemamsastennnes e, aany anny 1, 3406
Uppor Town river ........ N e mreumaman renare crnnen e nnnen N reea et e e wmu e aaeman une
Trkey DIVOL vewcs voiinvis ceeae e emeae PN hewaes 1,725

As may be inferred [rom the limited extent of drainage belonging to cach of these rivers, they are not of large
size, but they derive considerable importance from the extent to which their water-power is utilized, chiefly by
ﬂourmn-and grist-mills. The census returns show that there is a total of about 9,300 horse-power in use in the
region. This is primarily due to thoe existence of available power, but it is also owing to the condition of settlement
of southern Minnesota and Towa. Numerous towns are seattered over the land, and vavious branches of the Chicago
and Northwestern and of the Chieago, Milwaukee, aud Saint Paul railroads run north and west across the region,
The land is largely cultivated, and embraces very fertile regions, Most of the winter wheat grown in Minnesota
comes from there, and fu proceeding south the soil heeomes somewhat lighter, assuming more of the characteristics
of the loam on which the corn of Towa is raised. Westward, about the headwaters of the streams, the surface is
undulating or ouly slightly broken by the chanuels of dr ainage; butin journeying eastward, toward the Mississippi,
a change is noticed; the country is broken, and even hilly, though back from the ridges and bluffs ave sometimes
extensive stretehes oi undulating land, and the general level above the valleys is nearly uniform. The small
streams, as well as the main rivers, run at the bottom of large valleys several hundred feet deep, These valleys
finally unite along the main lines of drainage, and then emerge into the great twough o{' the Mississippi, L00 or 600
feet, or even more, below the gencral smface. The succession of cultivated land, prairie, and woodland, brolken
by the bold biuffs .md Ild"‘(’ﬂ, presents some of the most charming views of that palf of the Mississippi 1)‘1\111‘ Thoe.

abrupt hillsides, rising in some places over 500 feet above the Root river, give a character to the scenery along the

Minuesota boutheru railroad which is a surprise after the experience of the prairie north and west.
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Geology—The geological reports of the three states which meet in this region, espeeially the reports of
Professor N, H, Winchell on the counties in southeastern Minnesota, treat of the topography and its canses.

Frequent allusion has been made to the rib of Avchian rock running east and west, which formed the coast npon
which tho waves of the Palicozoie ocean used to beat, and to the suceessive layers of sandstone, limestoune, ete., which
were deposited from this ocean, and whose suceessive outerops are met in passing down the Mississippi.  In western
Wisconsin and eastern Minnesota there was a deep indentation of the coast-line nortlhward, and consequently the
live of strike of the sedimentary rock strata passes northwest and then bends southwest.  The fivst layer above the
old metamorphic rock is the Potsdam sandstone, which reaches north almost to the lake Superior trough.  Above
that, in succession, are the following strata: Lower Magnesian limestone, Saint Poter sandstone, Trenton limestone,
Cincinnati shales, Niagara limestone, Devonian, Cretaceous, cte. These strata have a general southern or
southwestern dip, and hence in their general relations they are meb in their successive order from the Potsdam up
in passing south. In the region now under discussion all the strata, from the Potsdam to the Devonian, inclusive,
are represented.

The ancient trongh of the Mississippi is cut down into the Potsdam sandstone, and the side streams, in reaching
it from the west, have worn their beds down through the successive strato of Niagara limestone, Trenton, Saint
Péter sandstone, Lower Magnesian, and so on, until they reach the level of the Mississippi, The Mississippi
trough passes nearly along the northwest and southeast strile of the strata, and these tributaries from the west
pass nearly at right angles across the lines of outerop. The Turkey river is an exception to this rale; for in ity
southeast course it follows nearly the line of outerop, running in the Galena limestone (a division of the Trenton),
and sometimes cutting throngh into the Trenton proper, It iy to their erosion in these rocks at the time when the
Mississippi was cutting its ancient ehannel, that the broken country and deep valleys of sontheastern Minnesota
and northeastern Iowa are due, '

In the blufts which line the valley are somatimes to be seen two or more successive strata through which the
river has eut.  The hard limestones, underlaid by solt sandstone, have acted to give an abruptness to the clifls
which they would not possess if the erosion had taken place in o homogencous material.  Tspecially is this true of
the Trenton limestone, which, resting on the soft Saint Peter sandstone, has had precisely the effeet thatb is noticed
at Saint Anthony falls,

The rapids and finest water-powers generally occur where the streams break across the limestone strata, while
in the sandstone regions they have & comparatively uniform slope. Thus most of the rivers ave more sluggish near
the Mississippi, where thay run over the Potsdam sandstonoe region, and hard rock does not charactovize the bed
and banks as in the places oceupied by the Trenton limestone. These sandy and loam scetions of the rivers offer
comparatively fow advantages in the way of watoer-power, ,

Tho rivers on the opposite side of the Mississippi, the Saint Croix, Chippewa, Black, ete., also have their
sandstone scetions, but with this diffevence, that, while the sandstone extends acomparatively short distance up the
western tributaries, it appears for many miles up tho valleys of the rivers of Wisconsin, practically limiting their
available water-powers to the Archwan section,  Thoe reason for this is plain: the Mississippi runs neor the line of
strike of the Lower Magnesian limestone, and leaves to the northeast in Wisconsin a broad expanse of Potsdam
sandstone, over which the rivers ran with a fall in the divection of the dip., The western tributaries, on the contrary,
fall at an angle to the dip of the strata and pass them in & shorter distance.

There is one peculiarity of a large part of the region between the Turkey and the Cannon rivers, wlhich has o
very important bearing upon the water powers, The surface of the northwest was covered with drift during {he
glacial age—us with a blanket—and to o very great extent all traces of the earlier topography were obliterated, the
ancient channels of drainage were filled up, and to this day many of the streams ave engaged in re-excavating their
beds from the clay, gravel, and sand loft by the glaciers.

Althongh the drift is nearly universal in this vegion, there is an avea in Minnesota, Wisconsin, Illinois, and
Towa known as tlfe driftless region, over whieh tho ico mass did not reach, or the covering of drift spread. It is
bounded approximately by o line running cast from the mouth of the Chippewa to the Wisconsin, then south and
west to the Mississippi, about 15 miles south of the northern limit of Llinois, and then northwest, crossing the
upper portions of the rivers we are discussing, and so to the mouth of the Chippewa.

The cause of the glaciers passing around this region is thonght by some to have been the projecting rib of hard
rock terminating in Keweenaw point in lake Superior, which acted as & wedge to divide tho ico mass in its passago
south. Trofessor Dana atiributes it to local climatie varintions, eausing & smaller accumulation of ice.

In the driftless area the lines of {rainage and the broader features of the topography remain mueh as they
were before the ice age, and the ragged surface produced by the long-continued grosion of the streams s not rounded
off, or completely obliterated by a thick covering of dvift. To a cortain extent, however, a similar action has talken
place. Allusion has Leen made to the loess, or blnif formation, a deposit of finely comminuted clay and loam
settled from the quict waters of the inland sea which once oceupied the basin of the Mississippi. This was deposited
to a certain extent over the driftless arvea, and makes a very fertile soil, but is not thick cnough to destroy the
ancient topography. :
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Along tho upper waters of the rivers, up to the Cannon, the eastern margin of the drift merges into the loess
formation, aud west of that the vivers have the characteristics of the prairie streams, which have their beds in the
drift, rapids, if there are any, oceurring over aceumulations of bowlders; but east of the limit of the drift are met the
rock-bed and banks and the deep valleys previously deseribed. The Cannon river lies a little north and west ot
the driftless region, as marked upon the maps, but nevertheless reaches the solid rock before it has passed over
more than a third of its course,

Flow.—The ive rivers considered do not have the natural reservoirs to draw I‘rom in low water which characterize
the streams draining northern Wisconsin and Minnesota, Nolakes and tamarack swamps store the rains and deal
them out gradually during the dry months, and there are no unbroken forests to check evaporation. But they do
10t belong at tho other extreme of the series presented by the upper Mississippi basin, and if they cannot be classed
with (ke Leech lake region and its neighbors, no more can they be fairly classed with the prairie drainage at the
headwaters of the Minnesota, Their position is midway between the two.  There is more or less timber-land along
the valleys and in groves, and nwumerous springs trickle out along the sides of the bluffs. A large number of these

- gprings is duo to a layer of impervious shale in the midst o' the Trenton, and where that comes out along the face
of the LIntt a line of springs is often noticed. (@)

The great number of Iakes found in Minnesota is due to the depressions and basins left by the glaciers—Dasing

whieh have not yet been filled up or deained by erosion.  These do not exist in a country nnmodified by glacial -

action, and henee the very few lakes found in the region or at the sources of the rivers where they rise iu the drift
country. The Cennon river may be considered the only ounoe fed by lakes, and has several of shallow depth in the
upper part of its course.

The Big Woods, which cross the basin of {he Minnesota below the great bend to the novtheast, send their
outposts into the region drained by the Cannon,  So far as ean be ascertained, the five rivers owe what reputation
they have for regularity of flow mainly to the many springs which feed Lhem. “Blufly streams”, they are called
by the millers. No gaugings of their discharge are available—merely the estimates of millers as to tho power
ordinarvily obtainable from tem; and while that is of practical value in estimating their capacity for manufheturing,
it 38 o very rough way of determining the actual flow. Iowever, after comparing with other streams, and with
thesoe millers’ estimates, {rom 0.28 to 0.38 cubic foot per second per square mile was fixed upon in the tables for the
average ordinary low flow, and 26 to 28 per cent. of the annual rainfall for the average yearly flow, the average
annual precipitation varying from 29 to 82 inches. The true amount may bo considerably greater or smaller than
this, but that is the coneclusion reached after a consideration of the circumstances of the case,

Fall~—~The country west of the Mississippi in southern Minnesota and northern Iows is at a high altitude, and
the sources of the principal stremms are at a height varying from 1,100 to 1,400 feet above the sea. To reach the
Mississippi at an altitude of about 625 feet above sea-level, they ]uwc to descend from 500 to 700 ov 800 feet; and
as this fall takes place within distances varying from 80 to 100 miles, it is apparent that a rapid deseent is to be
found in them, A part of this is often concentrated in rapids and fulls in the lnestone sections.

The bluffy along the Mississippi and the lower parts of its tributaries are from 400 to 500 feet or morve in height,
and the deseent in the streams is due, not to a rapid slope in the general surface of the country, but to the fall in
the valleys which they have eroded. A good idea of the profile of the country in an east-and-west direction is
given by ihe levels of the Minnesota Soutbern railroad, which passes up the Root River valley for 43 miles to
‘Whalen, and then continues west,

‘Starting from the Mississippi, in which the low-water elevation is about 625 feet above the sea, the railroad
rises to an altitude of 786 feet at Whalen; then at Fountain, 59 miles from the Mississippi. it is 1,302 feet above tha
seq, having risen 400 feet in the last 6 miles while ascending from the valley; then it runs along for some 25 miley

ab varying elevations, finally reaching the summit level, 90 miles from the Mississippi, at an elevation of 1,412 feet
above the sen, and then descending 10 the Cedar river

0

' CANNON RIVER.

The Cannon rises aboub 26 miles north of the southern boundary of Minnesota, and after a course of 90
miles (mnp measurement) enters the Mississippi 21 miles below the mouth of the Saint Croix river. Its general
course is a regular curve, convex toward the northwest., Nominally, the Cannon rises in the western part of the
basin, and the stream, 43 miles long, which flows from the south, is called the Straight river, uniting with the
Cannon at Faribanlt,  Practicaily the Straight river is a continnation of the Cannon. It was called by the Indians
Owatonna, meaning straight; and it is thought that this name must have been given in a spirit of irony, as it is a
very crooked gtream, :

The Cannon, as previously mentioned, rises in the drift and flows through it, but has cut down to the rock
below, forming rapids with solid Danks and bed, and offering good water powers.

The Straight river first succeeds in cutting through the drift and reaching the bed-vock just below the town
of Owatonna, abount half-way between its source and Favibault, There it strikes tlie Trenton limestone, and thenes
down to the Mississippi the river runs-below the level of rock outerop.

) a Seo Geologioal Report of Minnesota for 1876,
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In crossing Rice county, from south to north (Taribault is situated in the southorn half of the county), the
river completes its excavation through the Trenton formation, euts through the Saint Peter sandstone, and
penetrates 30 feet into the Lower Magnesian limestone, descending about 150 feet in o distance of some 20 miles.
Then it continues through the Lower Magnesian strata, and comes out upon the Potsdam sandstone. Above
Owatonna the Straight rviver is not so rapid, and has no improved powers. Below Owatonna there are several
powers, and, besides the number of improved sites, there are a number of available ones which yet remain to be
developed. From a few miles below Cannon River falls, which are about 20 miles above the mouth of the viver,
down to the Mississippi the bed and hanks are of earth, and more or less flowage would be caused by dams, The
town of Cannon River Falls probably marks the loeality where the river Jeaves the Lower Magnesian limestona
and enters upon the softer sandstone below. As a general rnle the bed and banks of the viver consist of gravel or
clay, but at places a solid rock bed is found.

The lakes feeding the Cannon drain into it before the junction with the Straight river at Faribault, and
serve to make it more steady in flow than the latter stream. Thero is some iden nmong the mill-owners of
establishing a system of reservoirs out of these lakes and still further regulating the discharge, They claim that
according to suvvey 587,000,000 cubic feet could be stored Ly raising the level of the lakes 2 feet, This would
give a discharge of nbout, 75 cubic feet per second for threo months, Tho Straight river has few lakes, and
diminishes in winter and drvy seasons so that tlirea out of the five mills upon it have steam-power as an aunxiliarvy:
to their wheels,

At Faribault, where the two streams unite, it is not considered advisable to build more than & six-run mill,
with a head of 10 feet, although during part of the year many more runs counld be operated; but during a severe
winter there might not bo suffleient water to run them ab all,  Using the estimate for ordinary low flow given in
the tables, with the understanding that it does nob apply to the winter months, gives o discharge at the mouth of
433 cubie feet por second, furnishing, under & head of 10 feet, 491 theovetical horse-power, ‘

Utilized powers.—Starting with the Cannon above the junction with the Straight river, the fivst power from the
soarce is at Waterville, where there was once a wmill with four runs, under a head of 5 feet, It was burnt down,
and the power iy unused. Below is Morristown, where there is o custom milly with 7 feet ead of water, One
mile below is a locality unimproved, where, by cutting across a neck of land, a head of 12 feet can be obtained.
Next is the Warsaw dam, giving a head of 4.5 feet, which conld be inereased to 6 feet, but there is no mill there
now. Then comes the Tolar Star flouring-mill, at I‘umb(mlt, with a head of 9.5 feet, mld a capacity of from 200 to
300 barrels of flour per day, Steam is used part of the time.

The mills on Straight river ave these, from the souree to Faribuulg:

Owatonna mill, 5.5 feet head; Clinton mill, 8 feet head; Walcett mill, 10 feet head; “Straight River stone
mill,” 9 feet hoad; the Green and Gold mill, 8 feet head, The three upper ones each use 40 horse-power, and the
remaining two use 60 horse-power each, All hut the upper two uge steam also, There ave o nuwmber of unimproved
powers, offering o head of from 7 to 13 feet, which ean be made available.

Below the junction of the Straight and Cannon, at Faribanlt, there are the following powers:

Scotte’s mill is 8 miles below Faribault, and hag a head of 8.5 feet. Above it ave two unimproved locations
where a head of 9 feet is obtainable,

About 1,5 mile below Scotte’s mill is an unimproved power with o iead of 7 feet, and about 2 miles beyond
is another of 9 feet. The next mill is at Dundas, where there is a head of 9 feet, and o daily product of 185 barrels
of flour; then the Northfield mill, with a head of 10.5 feet, and a capacity of 300 bavrels per day.

Balow this there are four mills with beads ranging from 7 to 13 feet,

The power at: Cannon {alls is fine, but unimproved; ahead of at least 20 feot isavailable. There is unimproved
power both above and below, but for the lower half of the distance down to the mouth there is little, if any, zwmluble
power,

The census roturns show that several of the mills bave steam- engines for uge during low water. According
to the returng there is a total of 1,220 horse-power in use on the O'mnm) and Straight rivers, all being used by
flouring- or grist-mills, with the exception of 6 hovse-power, taken by & small machine-shop.

There are several small tributaries of the Caunon, as Little Cannon river and Belle ereels, which have oue or
two small mills upon cach, Some brooks fed Dy springs furnish small mills with very reliable power. Spring
broolk, for example, enters near the mounth, and supplies four or five such mills.

ZUMBRO RIVER.

This stream enfers the Mississippi 7 miles below the mouth of the Chippewa, after a gencral easterly course
through a basin 1,346 square miles in extent. The length, as measured on the map, to the farthest source, is about
80 miles. Some 40 miles from the mouth the river divides, the North branch flowing {rom the west, and the South
branch from the south. About 8 miles south of the junction the South branch reeeives the Middle branch, which

flows directly east. Neor its head the South br aeh radiates into & number of smull streams.
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Abount two-thirds of the entire Zumbro basin is tributary to the river above the junction of the North and
South branches. From the junction down to the mouth thie basin is not more than 10 or 15 miles wide, and the
side streams are small in size. Of the three branches the South and the Middle branches drain about equal arcas,
much larger than that tributary to the North branch. :

The lower part of the river is in the driftless region, but the sources are in a country covered with drift. This,
liowever, has not prevented the stream from cutting down to the rock; and all.the branches, especially the South
branch, soon strike the bed-rock, This oceasions many available water-powers in the upper part of the hasin,
where thie bed and banks are largely rock, giving good locations for dams. Inthelower portion of the river the bad
is mainly of gravel, and generally one bank is low, making the development of water-powers expensive, The valleys
and bluffs characteristic of the region are found along the Zumbre and its tributaries,

There is a moderate amount of woodland in the Zumbro basin, but there are very few lakes, and ihe flow
wonld be extremely unsteady were it not for the many springs which feed the streams. These come out of the
blufty, along the Trenton limestone, as previously described, and serve to some extent to maintain the low-water flow
of the river, Nevertheless, i6is not remarkable as o steady stream, and in severe winters the discharge is very
much diminished. A few of the mills npon’it have steam.cugines to assist their water-wheels,

Thefollowing statement regarding the Middle branch is quoted from the Geolegicel Report of Minnesota for 1870 :
«Tor threo or four months in the winter of 1874-75 the mills had no water, Some years, however, they continue
to have water the year through, The water in the North braneh is even more unreliable than this?

There is considerable fall in tho viver. The surface of the water in the Middle branch at Orinoco, 4 or § miles
above its mouth, is 935 feet above the sea, and hence the total fall to the Mississippi is about 800 feet, or nearly
G feel per mile, While there are some 15 or 18 improved powers upon the main river and its branches there are
also several undeveloped sites, and these are mainly upen the branches, The main stream is expensive to improve,
and has only one mill upon it nccording to the census returns,

Utilized pmeers—The census returns credit the Zuwbro and its three Lranchies with a total of 707 utilized
horse-power; all but 15 horse-power, used by a saw-mill, is taken by flouring- and grist-mills, working under heads
arying from 7 to 17 feet, with the exeeption of the Mazeppa mill near the mouth, with a full of 28 feet, which gives
105 horse-powery the others averaging from 20 to 30 horvse-power nnder a head of about 11 feet. Three of the
smaller-sized mills bave steam-engines.  Most of the mills are upon the Middle branel, which divides into two forks
a few wiles above its mouth. Upon the South branch there are ouly two mills. The mill at Rochester, on the South
branch below the junction of its radiating branches, has four runs of stones under o head of 16 feat, requiring 65
horse-power. Steam is used, but the water-power is sufficient for four runs during nine months of the year, and
dnring half the year wany more runs could be operated. The other mill is three quarters of a mile below, aud uses
100 horse-power under a head of 12 or 14 feet; no steam is nsed, but Bear creck enters above the mill and adds
considerably to the power,

At Orinoco, on the Middle branch, there is a fine power with a head of 15 feet, which has been partly utilized
by a feed-mill.  The intention was to crect o flonring-mill of four and eventually of eight runy of stones, The
existing mills on the Middle braneh are mostly small, the largest using 75 horse-power under & head of 17 fect.
The mill on the main riveris at Zumbro falls, o few miles below the junction of the North and South branches, and
is ouly & small mill of about three rans, under a head of 8 feet,

ROOT RIVER,

. The basin of the Root rviver, 1,004 square miles in extent, is elliptical in general form, with the major axis

extending east and west, and along this axis the river’s course is located for about 45 miles, to where it divides, the
South branch flowing from south of west and the North braunch from north of west.  About 20 miles above thig
junction the Middle branch flows into the North branch from the west.  About half the entirve basin is tributary to
the river above the junction, and of this area the North and Middle branches together drain considerably more than
the Houth branch. : :

The sonrces are in the drift, but the greater part of the Dbasin lies within the driftless area, and some of the
most striking scenery of the entire region is found along this stream. The different branches very soon penctrate
to the rock, and before théy unite have ent through the Muguesian limestone, reaching the equivalent of the
Totsdam sandstone just above the junction.

Like the Zumbro, the Root owes what regularity of flow it possesses to the numerous bluil springs, and, so far
as can be gathered from the opinions of millers, it is more steady than the former, maintaining its flow fairly well
during sumunier and winter, None of the mills upon it use steam-power to assist their wheels in low stages,
According to the statements of an expericuced miller familiar with the stream; the ordinary capacity of cach of the
threo branches is abont 65 horse-poirer under a head of 10 feet. Where seen ey each averaged about 50 fuet
wide, while the main river is from 200 to 300 feet in width., The bed of the river and its branches is largely rock,
and one bank at least is usually high and firm.
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There is a large fall in (he Root river; the total descent from the extreme sources eannot be much less than
750 fect, or about 8 feet per mile, The greater part of this descont is concentrated in the branches, as the tolal
fall below the junction is only about 161 feet, or 3.5 feet per mile. .

Utilized power~—The Root viver stands first in the list in point of developed water-power, and is not excouded
by any stream of its size in Minnesota or in Wisconsin., The census returns show that 1,344 horse-power is in
use upon it, and of this all is taken by flonring- and grist-mills, with the exception of 27 horse-power used by a
saw-mill, 5 horse-power by a blackswith-shop, and the powor used by two small woolen-mills. Many of the
flonring-mills are extensive, having o daily capacity ranging from 200 to 400 barrels, and using from 100 to 200
horse-power.  The head of water used varies from ¢ to 12 feet, with the exception of one head of 22 feet. The
largest mills are on the main stream, and there ave eight of them, sitnated at the Junetion, Whalen, Rushford,
Houston, and ITokal. )

On the South braneh there are four flouring-mills, ranging from 50 to 175 barrels in capacity each, and a small
woolen factory. On the Middle branch and its forks arve five mills, all of small size, as the lavgest has a capacity
of ouly about 75 barrels, On the North branch are four flonving-mills and & woolen factory, The largest mill is 2
miles below Chatfield, and has an average eapaeity of 150 Darrels, under 15 feet head of water,

There are many fine water-power sites yob undeveloped; four or five oceur in the 20 miles from the mouth of
the Middle branch to the mouth of the South braunch,

On the Middle branch are the Tuunel mills, where, by & tunnel through o roeky neek of land, a head of 30 fect
is made available, and several localities ave mentioned in the geological reports, where by similar tunnels even
greater fulls can be obtained.  On the main river the fine sites are mostly developed, There is one valuable one
affording a head of 12 feet at Peterson, 6 or 8 miles below the junction, The mill whieh formerly stood thero was
burnt down, '

Many of the minor tributaries of the Root river have small mills upon them, and ave very valnable for supplying
the local demand for grinding,  Sowe of these mills Qo merchant work as well,

TEPER 10WA RIVER.

This s the smallest of all the five rivers sitwated in the region under consideration, and draing 952 square
miles, of which 180 square miles lie in Minnesota and the remainder in Towa.

Tho river rises in Mower county, Minnesota, south of the sources of the Root river, flows southeast to Decoraly,
in Towa, about 15 miles south of the state line, and then rung northeast to the Mlsqmsl])pl meeting it about 3 miles
Delow the line, It does not divide into several different branches, like the Root and Zumbro, but its tributaries
are small brooks, The country through which it flows resembles the basin of the Root river to a great extent. It
rises in the drift and cats down through the successive strata to the Potsdam sandstone, leaving the Trenton a few
miles below Decoral. The total descent cannot be far from that of the Root river, but 1L is not considered so rapid
astream.  Like the rivers last disoussed, its flow is largely maintained by springs.

There is only one mill in the fiest 20 or 23 wiles from the wouth, and that uses only 25 horse-power,
under o head of ¢ feet, ALl the water-power used is on the upper part of the river. According to the census
returny the total is 650 horse-power, but that does nob inelude n smull woolen factory at Decoral nor a paper-
mill a fow miles below,  Nearly all the power i3 used by flouring-mills,  The largest takes 150 horse-power, nuder
a head of 11 feet, and the average is about 50 horse-power, under 9 feet head of water. The large mill is situated
at Decoraly,

The upper lowa river is erodited with o total of thirteen flonring- and grist-mills, of whieh two are sitnated in
Minnesota, There is also a wagon factory using 20 horse-power.  The side streams furnish o number of powers for
small mills.

TURKEY RIVER.

The Turkey river rises about 6 miles south of the southern boundary of Minnesota, and south of the sources of
the upper Lowa, and flows southeast 115 miles, by map measurement, to the Mississippi, The mouth is about half
way between the mouth of the Wisconsin and the northern limit of the sta-te of Illinois. The basin is 00 miles long,
averaging 18 or 20 miles wide.

A stream about 30 miles long, ealled Volga river, euters from Lhe west 20 miles from the mouth; and about 756
miles from the mouth Crane creek is recoived from the west, - Crane creek is 50 miles long, and drains about- the same
amount of territory that the main viver does above the junction.

The country drained by the Turkey river is similar in many respeets to that throngh which the Root and upper
Iowa rivers run.  The valley of the lower river is deep and bounded by abrupt bluffs, but these decrease in size as
one ascends the stream, until this is found ronuing through the undulating prairvie region, in whicl the timber is
mainly confined to the water-courses, and where these have not suceceded iu cutling far into the drift which forms

the surface.  In the lower part of the basin there are groves and some extensive bodies of timber. 001
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The course of the river is parallel with the strike of the rock strata, and except at the sources it flows over the
Galena limestone, a division of the Trenton, cutting through into the Trenton proper from a few miles above Crane
eveck down to the mouth of the Volgariver. (a) This limestone, where not covered by drift, ete., forms excellent bed
and banks for the ercction of dawms,

Thero are many springs feeding the river, and it is considered a rather steady stream.

At Blkader, 14 miles above the mouth of the Volga, where high rocky banks restrain the channel to what is
not over the average width, the ordinary rise is from 4 to 6 feet, and during the extraordinary freshet of June, 1880,
the waters rose only 12 feet. The available power at that place nnder a head of 10 feet is considered by the millers
to be 225 or 250 horse-power at the lowest stage, and this agrees fairly with the estimate given in the tables, on the
hasis of 0,28 eubic foot per second per square mile for the ordinary low flow. According to the tables the power ab
the mouth, with the ordinary low flow under a head of 10 feet, is 543 theoretical horse-power,

Thoe month of the river is 503 feet above sea-lovel, and judging from the altitude of the sources of the Root and
the upper fowa the source is probably 1,000 or 1,200 feet above the sea. This would make the total fall from 400 to
G0O0 feet, or from 3.5 to 0 feet per mile.

A large part of the water-power of the basin is on the Volga river and Orane creck, and several mills ave sitnated
on each stream, '

Utilized porers—According to the census returns there is 906 horse-power in use on the Volga river, two
saw-mills taking, respectively, 20 and 40 horse-power, and eighteen {louring- and grist-wills utilizing the remadnder.
Of these all bat the Flkader will are on the portion of the river above Clermont, whicl i about 10 miles below the
mouth of Crane ereek.  Information wasg obtained of Thomsor’s mill below Blkader, a four-run mill under a head
of 12 feet, which apparently is not mentioned in the census statistics, The mills are not very large; only threo
exceeding 60 horse-power, and these take 150, 90, and 80 horse-power, under heads of 12, 8, and ¢ {eet, respectively,
The average is perhaps 45 horse-power under a head of about 8 feet.

There ave six flouring- and two saw-milly on the Volga, using a total of 287 horse-power, tho largest taking G4
horse-power under a head of 9.5 feet,

On Qrane ereek there nre four flouring-mills, using a total of 118 horse-power.  There ave other tributaries of the
Turkey river, as Otter and 1ilk ereeks, which have o limited number of mills upon each.

ARTESIAN WERLL WATER-POWER AT PRAIRIE DU CIIEN, WISCONSIN,

Prairio du Clien is o eity of about 2,800 inhabitants, sitnated on the east bank of the Mississippi, about 3 miles
above the mouth of the Wisconsin river. Between the river and the highland is a wide Dottom, through which
passes a slongh filled with back-water when the river is high. Irom this slough rises a slope 40 or 40 {eet in
height, and then a wide texrrace leads to the main blufts of the Mississippi valley. On this terrace and slope the
ity i gituated., A largo 8-inch artesian well supplies the town with an abundancoe of water, which is earried throngh
o system of street hydrants, and mms in profusion down the gutters of the main street, There are six wells in
different parts of the place, and two of them are employed for hydraulic purposes.

Prairic du Ohien is so sitnated that the rock strata mentioned in the last fow pages have a sonth and southwest
dip toward it, owing to thoe inclination of the Archean base which underlies them. Thig is of course impervious
to water, while the sandstones and some layers of the limestone above ave easily penetrated.  The lower member
of the so(hmt.nmry series, the PPotsdam sandstone or its equivalent, is underlaid by the granitic rock, and abova it
are the limestone and impervious shales of the Lower Magnesian, This sandstone las a broad surface exposed
in Wisconsin and in Minnesota, and becomes charged with water, and it is to this water taken from the country
northward that Prairie du Chien owes its artesian Wt,llh. They are not confined to this one locality ; west in Loww
and east and northeast are many others.

There are two levels at Prairie du Chien at which water is struck, one at a depth of 1,000 feet and one some
distance above, but the deep-seated wells appear to bo the best. The opening of anew well very slightly diwinishes
the flow from the others, The decp wells are heavily charged with minernl salts, chiefly ecommon salt and bisnlphato
of lime, which rust iron plpes.

The two wells nsed for water-power are very near the foot of the slope leading from the bottom-land to the
terrace, and are owned by Mr. H, Weniger, the proprietor of the grist-mill which uses tleir power. The wells are
about 50 feet apart, and have these dimensions: 5§-inch well, 1,012 feet deep; S-inch welly 1,044 feet deep,  After
passing 118 feet of sand, and then 120 feet of shale, as the proprietor called it, water was struek, which increased
in flow with the depth bored. The expeunso of the 8-inch well was $3 per foot, and of the other $2 per foot, making
a total of $5,150, The mill is a small one of only two runs, using about 9 horw -power, only one run being operated
at a time.

The method of tmhmg the power is by transmitting the pressure of the two flowing wells directly to thc wheel,
Two iron pipes unite in a drum, 3 feet in diameter and 3 feet; long, with its axis vertical, placed about 10 feet below

a Geological map of lowa,
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the earth surface ab the wells, and 30 or 40 feet from ecach. In this drum is the wheel, 8 inches in diameter, with
120 inches of opening, manufactured in Dubuque, Iowa. It was the intention of the proprietor to erect a stand-pipe
35 feet igh, and have the pressure of the column of water upon the wheel, but this would not inerease the power
obtainable over what is obtained from the direct pressure of the wells, except as it might increase the efficiency of
the application. The height of the water in the stand-pipe would vary as the velocity of efflux from the well varied,
and would equal the hydrostatic head less the head due to this velocity of efilux.  In the same way, by transmitting
the pressure directly from the well, as at present, this pressure is that due to the hydrostatic head less the head due
to the velocity of offlux from the well. By diminishing the flow from the wheel the pressure can be inereased until
the hydrostatic head is reached, when the flow would be zero. By increasing the wheel-opening until it took all
the flow which wonld come from the wells at the level of the wheel, the pressure of water wounld Lo diminished to that
which would obtain if the wells were flowing freely at that level.  The actual flow of the wells is not known, nor is
the hydraulic head under the present method of using the water. Tho hydrostatio head is said to bu( feot.
Without knowing the hydraulic head or the velocity of efflux it is impoessible to caleulate the {low, but an
approximation i possible in this way:

There is o 5§-ineh well, whose mouth s 28 feet higher, and which has an intimate connection with the two wells
under considerntion.  Its flow is 116,125 cabic feet per day, or 1,344 cubie foot per sceond, and thiy gives.a rough
means of estimating the discharge required. Assuming that the veloeity of efflux at the lower level is that at
the higher level, plug that due to a head of 28 feet, gives o discharge {from a 5§-ineh pipe of 7.443 cubie feet per
second, and from an 8nel pipe of 15.086 cubic feet per second.  Ilenee, not allowing for friction, ote., the total naturay
flow from the two wells, nccording to this caleulation, is 22.48 eubic feet por second.  This, with tho head of 98,9 foet,
would give a total theoratical power of 74 horse-power.

There is gas in tho water, but this acts merely to transmit the pressure, ag the drum is airtight, The flow iy
very steady throughout the year. The water passes {rom tho wheel into the slongh in the flat, In the high flood
of June, 1880, the back-water from the Mississippi rose 16 feet over the wheel, but it only slightly diminished the
power obtained.

ROUK RIVER.

General remarks.—Tho name of this viver, translated into the language of the Indians, is Sinnissippi, and by
thig name it was known to the aborigines.

Tt rises in the tract of land lying Dbetween tho sources of the upper Tlox and the southorn end of lake
Winnebago, in Wisconsin, and enters the Mississippi at the foot of Rock Island rapids, Its general courso iy
southwest aud approximates to the are of a cirele, convex to the southeast, with a chord of 180 mniles and a versed
sine of about 30 miles, Tho total Tength of the rviver is 286 miles, of which distance nearly balf iy in Wisconsin,
and the rest in Hlinoly.  The soures is in an extensive swampy region,

Tn 1842 a dam was bnilt at oricon villago, forming o lake in this region, covering about 50 sguare miles, ealled
lake Ilovicon, and lying south-southwest of lake Winnebago. In 1868 thoe dam was removed, on account of land
damages, and tho place has reverted to pretty mueh its original condition. Many maps yet exist with the shore-
lines of Inke Iloricon marked upon them.

The drainage basin, of 10,973 square miles area, has 5,663 square miles situated in Wiseonsin and 5,320 square
miles in Iilinois. It may be roughly described as pear-shaped in form, with the stem at Roclk Island., The length
is 175 wiles. The greatest width is near the state line, where for 20 miles or more it averages about 80 miles;
above that it aver: ges. 40 or 50 miles, while below, in Illinois, it soon narrows to 40 miles, and then to 25 miles.

In Wisconsin the river runs rather in the eastern sido of its basin, but near the state line it approaches the center,
which it follows for a distance throu gh Illinois, finally flowing deci dedly near the western boundary line of its drainage
area, 'Lhis hasin of the Rock river is an undulating semi-praivie region. Large expanses of nbroken Dprairie, groves,
and some more extensive bodies of timber, swamp, and lake, are all to bo found within its lmits. The soil, from
southern Wisconsin down, makes very fine lurxmng land, and bay been cultivated from an early day,

The population of the basin in 1870 was 470,932, and in 1880 had increased to 485,678—a population, according
to the census statistics, of 49.5 per square mile.

A large number of railroads intersect each other within the limits of the basin, and below the boundary bhetween
Ilinois and Wisconsin there ave nine independent crossings of the river by different lines of railroad, while in
Wisconsin there are five more. The total number of places at which railroads cross the river is about twenty.
Although this number might not be considered remarkable in some sections of the country, it shows a state of general
industry more advanced than in the basins of the Wisconsin, Chippewa, ete.

Distribution of powers—At a large number of the railroad crossings of the river are flourishing towns and
cities, doing & good trade with the farmers of the surrounding region, and contributing more or less to the
manufacturves of the country, while some, as Rockford, for example, are conspicuous among the manufacturing
centers of Illinois. This manufacturing indostry of. thu Rock River basin is due to the water-power which the
river affords all the way along its course, from the small stream emerging from the Iloricon swamp almost down to

its very mounth,
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There are eighteen points at which the power of the river is in use, cight of them in Illinois, and at thirteen
of these places are cities, towns, and villages, with a total population of 50,500, The following table gives the

population of the manufacturing places using watex-power, from the source down :
WISCONRIN, ILLINOYS.
D) Topua- [ Voo Pouila- 1

Plnce. source of | HUHID ace. source of !

; ‘x}ile'oer. 1680, river, 1880
Miles. ALiles, t

Hustisford. . 35 488 Roolton cueyee.. 185 010
Walertown ..... 62 7,883 Tockford «oauewee 153 13,129
Jolferson ..eeees. 80 2,116 Qregon .. 170 1,088
Janesvilly vevane. 1156 0,018 Dixon ... 202 83, 068
Teloib.cuaravann-s 11 4,790 Stexling.... 215 6,087
Bock Fally. 2156 804
Lypdon .. ...e. 234 557
| A DA eeeee ogd | . 843

The clief points of developed water-power in Illinois are Roekford, Sterling, and Rock Falls; and in Wiseonsin,
Janesville, Beloit, and Watertown,

The census statistics show a total utilization of water-power on the river of somewhat more than 7,230 horse.
power, by 130 separate establishments, of which 83 are in Illinois and 47 in Wisconsin,  In Wisceonsin over half
the establishments are flouring-and grist-mills, while in Illinois there is more general manufacturing, the natural
outgrowth of the requirements of a more numerous population.

NUMDER OF ESTADLIAI-
MENTH,
Busincas, (SO |

Wiseonsing Illivois,
Flowring- and grist-mills ........ 26 21
Sow-mills..o..... remerusranrans 1 1
Paper-millg..ovian..nn.,, oo nanans 2 7
Agrienltural implements . .a..-.. 2 14
Machine.ghops and foundovics. .. B 14
Woolenanilly v ceiiiiennivaness 4 1

The remaining establishments are devoted to various other industries,

The existence of only two saw-mills on the viver, and those small ones, shows that lumbering is a husiness
foreign to this drainage basin. ~ The southern liwit of the pine belt is many miles north of the sources of the Rock,
and these mills are probably used to satisfy a loeal demand for hardwood lumber,

Geology.—The Rock River basin may be said to belong to a different geological horizon from all the rivers north
of it in Wisconsin, Althongh most of the surface is entiraly covered with a great blanket of drift, as is more or less
the case with the other streams, yet it iy noticed, that the Rock river does not vise in the old Arehian region or on
the Potsdam sandstone, but its sources are determined by the grens overlying ledge of Lower Magnesian limestone,
which, presentiug its steep front to the north, turns the waters of the Wisconsin river west, ,

From this shelf the river flows southwest, following approximately the line of strike of' the rock strata; henee,
perhaps, its gradual westward cirve, and its running through almost its entire conrse in the region of outerop of
the Trenton limestones, :

Continuation of Green Bay valley—The Green Bay vallay, along which the lower Fox river flows, has heen
mentioned in describing that river. Tt runs sonthwest along the Trenton limestone, with a gradual slope westward,
rnd on the east a steep Lluff formed of soft Clucinnati shales, with hard overlying Niagara limestone,

Reaching the summit af the head of lake Winuebago, this valley continues straight on in a southwest direetion,
vith its abrupt eastern ridge unchanged, and forms the valley of the Rock river, until the ridge gradually sinks
sezeath €he thick accamulation of drift, and finally disappears in the southern tier of eounties of Wisconsin,  The
opinion expressed in the Geological Report of Wisconsin, from which these facts are mainly gleaned, is that while
the valleys of the two rivers existed previous to the Glacial age, yet they were deepened, especially the Green Bay
valley, by a glacier, which ground its way through the basin of lake Winnebago, ind over into the Toek vabley,
where it spread out to the est,

As the tendency of the lake Winnebago drainage in flowing northeast is to run close to the eastern harrier of
the valley, so is it with the Rock river in flowing southwest, The dip of the strata, where not prevented by the
drift, erowds the elvannel of drainage against the ridge.
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The course of the river above Watertown is comparalively near the castern liwit of the valley, but about 10
miles above Watertown aceumulations of drift have turned it from south to northwest, and finally sonthwest again,
away from the castern line of water-shed, The channel of the riveris partly in the dvift and partly in the rock,
where it has sueceaded in eutting throngh the former,

Lake IToricon, which existed until 1868, although a body of water formed by an artiicial dam, yét occupied the
site of an anclent lake, cansed by the bedy of dvift, which formed a natural barrier to the passage of the water,
Guradually this was evoded and the lake drained, probably by the same passage which now forms the channel of
the river past the village of Horicon. A dam near there, 200 feet long, would raise the water 10 feet, anud restore
the old lake to & certain extent, \

Bffeet of the voek strata on the powers.—A few miles above TFort Atkinson, whieh is about 85 miles from the
source, the river leaves the Tranton, and rons i the Saint Peter sandstone down to the state line, where it again
passes upoun the Trenton limestone,  The rvesalt is important in its bearing upon the water-powers,  The power at
Wateirtown has fine limestone hed and banks; the powers helow, in the sandstone seetion, so far as was ascertained,
have gravel as a foundation for dams, and more or less trouble hay been experienced from their instability; in Hinois
hard rock is again met, and a supc\,rior hedding for dams,  In places, however, the limestone is covered with drife
and loose material,

There appears to have been some disturbance of the rock atrata in northern Ilinois, elevating them so that
there is an isolated section of the Roclk rviver, from some distance above Orvegon to Grand Detour, a space of aboug
15 miles, in which the river rans in the Saint Peter sandstone, striking the Trenton formation again near Dixon, At
that place limestone forms the left banlk, hut slopes so rapidly below the gravel-bed of the river as to be of no service
in the constraetion of the dam,

I the lower section of the river the Niagara limestone appears in the biufis along the valley, and this must
form the limestona bed over which the river flows near its mcmlh for the Jllinois State Geological Iucpun‘ represents
itas emptying into the Mississippi from the overtying amilton gronp.  Thae extensiveseries ol the sub Carboniferous
appears to be entively wanting in the valley, as the coal measures rest upon the Hamilton, and finally disappear
from the Niagara, It is to these coal measures thab the seam of coal, and soft, forruginons sandstone found on the
river at Milan and above are probably due.

Tt will ba seen from the short account given that the course of the viver is practically over the Hmestone strata,
and to this fact is due ono of ity important features, Unlike the Wiseonsin, Clippews, Black, ete., which flow over
geologieal vegions of widely different character, the Rock river runs on a base of comparatively uniform hardiness.
There is an Arcliiean section of hard crystalline rock furnishing fine water-power, and then o region near the mouth
where the bed is over the soft sandstone, which wears down to a uniform slope and affords fow, i any, sites for

water-power; but from source to mouth there are rapids cither dire('t‘ly upon the bard limestone, or due more or
leas remotely to it, and many available sites, the last one within 2.5 miles of the Mississippi.

The wostern extension of the Rock River basin in Wisconsing drained by the upper waters of its tributary, the
Peeatonica, lies within the limits of the driftless area, deseribed on a previous page, and the valleys oceupied Ly the
streams are not filled with drift, as is so eharacteristic of the rest of the basin,

Iall of the river—The sources of the Rock river are about 876 feet, and the mouth is 5306 feet, above sea-level,
making the total descent aboub 340 feet, The averago slope is 1.2 foot por mile. The most rapid section is in
Wisconsin, from the mouth of the Catfish down to the Pecatonica river, where for 30 miles the average slope is 1.9
foot per mile, and next; from Oregon to Sterling and Rock falls, in which distance of 36 miles the average slope iy
1.31 foot per mile, Locally there are more rapid descents than these,

The figures show that there is a rather uniform distribation of the descent, as mentioned in treating of the
rock strata, and the variations sevve to give a wave-like form to the profile, which is otherwise a curve, slightly
concave downward, It is mainly at the local eoncentrations of the descent that the inviting water-powers are
gituated, and consequently that the prominent viver towns are located.

Of the 340 feet of total descent, 126 feet is improved and in actual use, leaving 214 feet undeveloped. My, Joseph
P. Frizell allows one-ninth of the descent of a fully improved river {or providing the movement of the water, and
using this estimate there are about 204 feet of unutilized fall theoretically available, A large amount of this is
practically available—how much, wounld require an extensive survey to determine—bub there are several fine sites
lying idle which capitalists have had under consideration. These will be mentioned when the local (deseriptions
are given, .

Flow of the river—~There has been no regular series of measurements made of the discharge of the Rock river,
and henee any estimate of the average or low flow must Le more or less approximate. The most relinble datu
at hand are the result of & survey at Milan, near the mouth, and by a carefol ganging the low-water ﬂow was
determined to Le 3,932 cubie feet per seeond,

In the tables nn'mn the tlow of tho tributaries of the Mississippi, the ordinary low flow of the Rock is taken to
be 3,900 cubie feet per second, and the average ye: 11'Iy flow 9,041 eubic feet per second, These amounts agree well
in ﬂm comparison with the other streams, The average yearly flow is 35 per cent. of the annual preuplta.tlon, and
the ordinary low flow is about 0.56 cubic foot per second per square mile, 023
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Tt will be noticed that the flow according to theso estimates is nearly as great, relatively to the areas d nined,
as in the case of the “high-flow? rivers of Wisconsin, At first thought this would seem impossible, for the extensive
tamarack and cedar swamps of northern Wisconsin are wanting in the basin of the Rock, and the surface is not so
generally wooded as is the case farther north; but taking the average for the basin, the annual rainfall is from 2 to 5
inches gre: ater, and there is altogether a large amount of woodland, while swamps are by no means rare. The vegion
of old lake Hovicon is very swampy, and the tract drained by the Green river abounds in low, swampy grownd,

There are some ten lakes represented on the waps as tributary to the Rock river.  These are in Wisconsin, and
have o total area of 80 square miles. The largest is lake ICoshkonong, about 23 square miles in extent, and then
the two beautitol lakes Mendota and Mounona, adjacent to Madison, the capital of the state, and having a comlined
area of about the same smount. Lake Horicon, when it existed, had an area of abont 50 square miles, but is now
drained down to & marsh and mud lake, Mention should also be made of Beaver Dam lake, about 7 miles long and
three-quarters of o mile wide, formed by an artificial dam. Tho fonr Madison lakes drain into the Catflish. Beaver
Dam lake is tributary to Beaver Dam river, and so to the Crawfish river. Lake Koshkonong is an expansion of the
Rock river, about 10 miles long and 2 miles wide, with its foot 6 miles above the mouth of Catfish river.

Theso lakes exert an important effeet upon tho flow of the main river, especially lake Koshkonong, whicl has
a dam atb its outlet and is controlled in the interests of the water-powers below., To them is very largely due the
maintenance of How in dry and severely cold seasons. '

Artificial reservoirs.—There is no physical diffienlty in the way of greatly increasing the steadiness of the viver
Dy means of storage in Wisconsin, and this region has been considered in connection with river basing northward
for an applieation of the reservoir system.  The manufacturers ave desirous that the government should include the
river among the reservoir streams of the upper Mississippi, and point to the old basin of lake Horicon as an excellent
reservoir site.

Mr. Joseph P. Frizell, assistant engineer to ’\I.uor Clarles J. Allen, stationed at Saint aul in charge of the
reservoir system, hag made calenlations with reference to the practicability of this scheme, and arrvives at conclusions
adverse to the andertaking of the work by the United States,

Assuming that a complete system of reservoirs were established in the basin in Wisconsin, and that all the tlow
from {hiese were coucentrated within one hundred days of low water in the summer, it would give a discharge of
B,787 cubie foet per sceond, an amount which would add appreciably to the low-water volume of the Mississippi at
Rock Island, and would cause a rise of about 6 inches above low-water stage at Des Moines rapids, It is probabla
that sueh reservoirs eounld bo constructed, bub the expense would be very great for land damages, and also for the
interference with the water-posers.

By 1'(311@\\*i11g't]10 dam and reforming lake Iorieon there can be a discharge of 600 cubie feet per sceond addmld
to the low-water dischargo of the river for a period of 120 days.  This would be of great value to the waterpowers
along the river, but would be of no practical value in the Mississippi below Rock Island, where the extreme low.
water low ig 19,000 cubic feet per second.

A dawm 200 [’wb long wounld raise the water 10 feet high, and the expense would be very little, but My, IFrizell
estimates that the land damages would probably amount to fromn $200,000 to $300,000,

1t is very easy to sce that.the reservoir system, so far as the government promotes it, must he limited in its
application to the wild lands of northern Wisconsin and Minnesota, ab least until navigation upon the side streams
is to be considered ; and with regard to the Roclk river, it is protty safe to say that whatever is done further in the
way of impounding the surplus water will bo donoe for and by the growing water-power interests along the stream,

Lake Koshhonong—The only body of water now controlled in the interests of the manuthcturers is lake
Koshlkonong. There is a dam at Indian ford, 4 miles below the real foot of the lake. The total cost of the dam,

land damages, ete., was 830,000, and was bm‘no by the following water-powers in the proportions given: Janesville,
20.5 per cent.; Rockton, 16 per.cent.; Beloit, 29.5 per cent.; Rockford, 25 per cent.

The Inke can be drawn down 5 feet, through 40 feet of gate opening. The aim is to keep the lake full until low
water in the river, In the lowest water there bas not beon taken from it an amount greater than 15 per cont.
of the corresponding volume of the river, according to aceount. Ordinarily the supply is sufficient to lust through
the low water, but in the winter of 1880-'81, there was a steady deanght upon it from September to January, and the
lake was drs uned very low. Ifor five years previously there Lhad been no serious difficulty from low water,

The capacity of the lake could be very largely increased, and Mr. Frizell states that “ there is no physical
obstacle to the crection of a dam 20 feet high, but it would involve very heavy damages, gmxtly extending {be
area of the lake, and flowing ont mill privileges above®,

The expense of inereasing upon an extensive scale the storage capacity of Roek River basin is seen to be ver \Y
great, and doubtless deters the manufacturers from an extensive system of improvement. This expense will increase
with th(, value of land, but the manufacturing interests are also destined to develop, and as the necessity is more
and more felt for a gre ater stability of flow, there is reason to believe that the eapital invested will warrant the
extensive storage of water, perhaps such as is found upon some of New England’s manufacturing streams.

There is this disadvantage: that the surface is not mountainous, and Lence the tendeney is for reservoirs to

be broad and shallow instead of deep; thus extensive tracts are overflowed, and generally these will consist of
vatuable land.
Q6
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THE MISSISSIPPI RIVER AND SOME OF ITS TRIBUTARIES. 105

Tuble of full, dratnage areas, flow, ete., of the Rock river,
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Table of the tributaries of the Rock viver,
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DESCRIPTION OF TIE WATER-POWERS,

Taking the water-powers in their order of ocemrrence from the source to tho Mississippi 1‘1\'01‘ the characteristic
features of each ave as follows, naming also known nndeveloped sites:

From the source to Watertown—On & branch of the river which flows from the west in Washington county,
there is o small saw-mill using about 8 horse-power under a head of 12 feet, but with that exception there is no
utilized power which can be considered to be sitnated on the Rock river until Iustisford is reached, 10 miles 1)Llow
the village of Ioricon, which is at the old outlet of lake Ilorieon.

Hustisford—At ITustisford there are two grist-mills and o saw-nill,  In the census returns the griSt-mills are
rated as using 65 and 90 horse-power under heads of 8 and 7 feet, respectively, and the saw-mill is rated as using
35 lhorse-power under a head of 13 feet.” Thege are probably greater than the trune amounnts, as the grist-mills have
only two or three runs each.

Seeond power—The next niilized power is 22 miles Delow Fustisford and 5 miles above Watertown, where there
is o mill with threp runs of stones under & head of 4 to 6 feet, and at Watertown a small saw-mill, wln,ch however,
does nob appear in the census returns,

Third power~—The next and last power nsed abovo Watertown is 1 mile above that place, and is taken by a
four-run mill, working under a head of 6.or 7 feet, and probably using 50 or 60 horse-power, All these powers and
the remaining three above lake Koshkonong have the disadvantage not experienced by the other water-powers
below, of having no artificially-regulated reservoir, and hence wust depend largely upon the natural storage of the

Horicon swamy for the maintenance of the flow. o7
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